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Till': SUPEIUOR PULMONARY SULCUS “TUMOR OF 
PVXC’OAhT IN RELATION TO HARE’S SYNDROME 

John II Mohris, MD. vnd D^\IGIIT E Harken, MD 

N I w \ OHK N y 

1 ROM Till I MtOIUTOlllI Ol \ \M»TIII I OUliTH MUflTM DIMSION, lJIITf\LI IIOSPIT\I , 

Mtt lOIlK N i 

I'ndi'k tlic Icim ol “SuixMioi Pulmoiidn Sulcus Tumoi," Pancoastp in 
1932 1 ocle-'Cnbed a gioup of inliathoiacic neoplasms piesentnig ceitain dis- 
tinclue leatuics yIucIi apiieaicd to difieicntiate them fiom the tumoi s com- 
monl} occuiimg in tins io<>ion and winch m Ins opinion, justified their isolation 
and classification as a “new ’ pathologic entitj' Accoidmg to this authoi, these 
tumoi s weie identified (i) Plnsicall), h\ a piecise, constant localization in 
the supeiioi thoiacic inlet adjacent to the pulmonai} apex, a histologic pictuie 
of epideimoid caicinoma, and a site of oiigin demonstiahly independent of 
the neighhoiing lung, jileuia. iihs, veitehiae, mediastinum, 01 of metastatic 
foci (2) Chmcalh, h) an aggiegation of clinical manifestations, the essential 
components of which aie (a) Hoinei’s s}ndiome — expiessing involvement 
of the cer\ic,il sympathetic (h) Pain refeiied to shouldei, aim and hand, 
associated with musculai atiojih} — indicative of invasion of the hiachial 
plexus (c) Roentgenologic evidence of a small homogeneous apical shadow 
together with destiuctive infiltiation of contiguous rihs and veitehiae Em- 
phasizing then epithelial stiuctuie and conceding that the exact site of oiigin 
1 emains uncei tain, Pancoast nevei theless indulged m the hypothesis that these 
tumoi s ha\e their inception m hianchial epithelial lests, pointing out, in sup- 
poit of this theoiy. the constant localization of the tumoi in a legion wdiere 
hianchial rests aie pi one to peisist, the absence of any othei demonstiahle 
primal y focus, and, finally, a histologic pictuie ot squamous cell epithelioma 
wdiich IS compatible wuth a hianchial oiigm 

The foimation of new^ clinical entities has long been a populai method of 
appioach to clinical piohlems in geneial, and, legaidless of the mtimsic meiit 
of these new^ classifications, the method itself has seived an impoitant purpose 
111 the sense that it constitutes a challenge to the established oidei and, as such, 
tends to hung out a profitable conti ovei sial 1 espouse diiected at the piohlem 
undei consideiation Pancoast’s publication pioved to be no exception to 
this piinciple, for the “Supeiioi Pulmonaiy Sulcus Tumoi” speedily became 
the centei of a spiiited conti oveisy wdnch displayed a tendency to question 
Submitted for publication March i, 1939 
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the justification foi the isolation of this tumoi as a new entity, as well as 
to disci edit the specificity of the clinical syndiome ascribed to it In the light 
of this discussion, it is appaient that opposition to the Pancoast hypothesis is 
based primaiily on thiee types of evidence (i) That the clinical syndrome 
desciibed as a specific manifestation of the “Superior Pulmonary Sulcus 
Tumor” may be, and frequently is, induced by a variety of neoplastic, tiau- 
matic, mflammatoiy and metastatic lesions aiising near the pulmonar}'- apex 
(2) That the entity is founded upon assumptions which aie unjustifiable m 
view of the inadequate evidence, gross and micioscopic, submitted by its 
authoi (3) That in no repoited case has scientific proof of branchial origin 
of these tumors been presented 

For example, Tobias- studied five cases m which apical tumors weie as- 
sociated with the essential featuies of the syndrome in question, and was able 
to prove that foui were piimaiy caicinomata of the lung, while the fifth was 
a metastatic tumoi fiom carcinoma of the stomach Browdei and DeVeer^ 
reported five cases piesenting apical tumors plus the typical clinical mani- 
festations described by Pancoast, and demonstialed by postmortem studies 
that of these, thiee were piimaiy caicinomata of the lung, one was metastatic 
from a hypeinephioma, while the last proved to be a tumoi of the thymus 
Evans'* observed five clinically typical cases, in each of which a different 
variety of apical tumoi was found In a case repoited by Frost and Wolpaw” 
the characteristic clinical featuies of the “Superior Pulmonaiy Sulcus Tumor" 
were noted in conjunction with a sympathicoblastoma aiising fiom the 
mferioi ceivical ganglion Fried** encounteied an instance of primary 
carcinoma of the left apex m which chest pain and Hornei’s syndrome were 
induced by metastases to the cei vicodoi sal spine and ribs, and points out that 
a similar oiigin has not been ruled out in Pancoast’s cases Seigent’’ showed 
that Horner’s syndrome occasionally occuis m advanced apical tuberculosis, 
due to extension of inflammatory tissue to the oculosympathetic pathway 

From these and othei obsei vations, the fact has been established that the 
symptom complex described by Pancoast may be initiated by a wide variety 
of lesions arising in the vicinity of the pulmonaiy apex, vie , pi unary tumors 
of the lung, largely bronchogenic carcinoma, tumoi s arising from tissues 
adjacent to the pulmonary apex from pleura, peiiosteum, bone, mediastinum, 
miscellaneous conditions such as apical tuberculosis, aneuiysms and trauma, 
and finally, metastatic tumoi s fiom nuineious distant piimaiy foci This 
fact has tended to enhance the skepticism relative to the integrity of the 
“Superior Pulmonary Sulcus Tumoi” as an entity, and majoiity opinion has 
been determined thereby At the same time there is a disposition on the part 
of a minority of observeis to lecognize the existence of an apical tumoi pos- 
sessing certain chai actenstics which set it apart fiom the tumors commonly 
occurring m this region Steiner and Fiancis,® for instance, report three 
such cases, in which the location and clinical manifestations are identical with 
those of the “Superior Pulmonary Sulcus Tumoi” and, according to these 
authors, “the clinical findings and gioss pathologic chai actenstics are quite 
unlike the picture expected in carcinoma of the lung ” Nevertheless, it 
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appeals fiom the neciopsy lecoid in two of the cases that these tumors had 
a definite pulmonaty oiigin, that they weie identified histologically as 
adenocaicmomata, and that they disclosed no moiphologic evidence pointing 
to a bianchial lelationship Fuitheiinoie, Jacox"* piesented a case exhibiting 
similar clinical and postmoitem findings, and this wiitei comments that these 
tumois “fulfill all the ciiteria of the entity pieviously desciibed as ‘Pulmonary 
Sulcus Tumoi ’ The clinical featiiies of this condition lepresent a definite 
and sti iking syndiome quite difieient fiom that of the usual primary malignant 
growths of the lung” Both the lattei observeis coincide m the conclusion 
that these tumois “are a clinically distinct and uniecognized type of cancel” 
and that “the ‘Supeiioi Pulmonaiy Sulcus Tumoi’ is an atypical form of 
bronchogenic carcinoma ” 

These records maj be taken as typical of the general sentiment relative 
to the Pancoast entity and. in evaluating their significance, the conclusion 
IS inescapable that ccilam deductions based upon them are untenable In 
the first place, it is appaient fiom anahsis of the case recoids quoted above, 
that in each instance, the apical pathologic changes in question w^ere either 
fiankly pnmai} lung tumois in which secondaiy extension accounted for the 
clinical manifestations, or that these symptoms w^eie induced by pathologic 
changes, neoplastic or othenvise. whose histologic and moiphologic features 
traced their oiigm dernntcK to knowui tissues adjacent to the apical region, 
eg, sarcoma, epithelioma, metastatic caicinoma, aneuiysm, etc Since the 
“Pancoast tumor,’' among other features, is distinguished by its “lack of 
origin from lung, pleuia, ribs or mediastinum,’’ the above noted instances 
obviously fail to qualify and evidence based upon them cannot be pertinent 
to the present discussion Fin thei more, since the tumor described by Jacox^ 
IS definitely a lung tumoi, it cannot, on these giounds, “fulfill all the ciiteria 
of the entity previously described as pulmonaiy sulcus tumor,” despite the 
fact that It does “repiesent a definite and sti iking syndrome quite different 
from that of the usual primary malignant grow^th of lung ” 

In the second place, refeience has been made to a group of cases wdiich 
established the fact that the clinical syndiome described as a specific mani- 
festation of the “Superior Pulmonary Sulcus Tumor” may also be induced 
by a variety of pathologic lesions occuiiing in the vicinity of the pulmonaiy 
apex, and this fact, m the opinion of many writers, destioys the integrity 
of this entity It must be recognized, however, that this syndrome represents 
merely one element of the entity itself, that it is only an expression of piessure 
destruction effects upon bone and neive tissues in the apical legion, and 
that it accordingly varies in degree depending upon the chaiacter and extent 
of the lesion The absence of this symptom complex m the clinical picture 
does not preclude the existence of a true “Pancoast tumor” and, likewise, 
neither does its presence in association with othei tumors impair its significance 
as an element in the entity known as the “Superior Pulmonary Sulcus 
Tumor ” 

As regards the bianchial origin of the “Supeiior Pulmonary Sulcus 
Tumor,” it must be conceded that such a relationship is difficult to substantiate 
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by diiect testimony As pointed out by Geschicktei and Denison/® tiacing 
the souice of these tuinois, puiely on the basis of the histologic structure, 
often leads to eiioneous conclusions '] hey classify caicinomata of the lung 
into two gioups, of which the common hilai oi epideimoid type arises fiom 
the basal cell layei beneath the lining cells of the huge bionchi, later involving 
the pleura to pioduce a pictuie simulating the “Pancoast tumor” Refeirmg 
to neoplasms aiising fiom bianchial epithelium, Caip and Stout^^ stress the 
fact that although the absence of a discoveiable piimaiy focus plus distincLivc 
gross and histologic featuies aic strong jnesumptive e\idence of an oiigin 
from branchial cleft epithelium, in no ie])oited case has scientific pi oof of 
such oiigin been piesented Nevertheless, Symmeis,^- undei whose diiection 
the pathologic mateiial constituting the piesent lepoit was assembled, is 
authority foi the statement that, in some instances, the “Pancoast tumor” 
may exhibit histologic evidence of its bianchial oiigin, and the authois piopose 
to submit, at a latei point, case lecoids woth histologic mateiial to suppoit 
this assertion 

Teiplan^^ states that malignant epithelial tumois of the Pancoast vaiiety 
may originate fiom eithei lung oi pleuia, m the foimei instance, a piimar}^ 
caicinoma of the lung is said to giow into the pleuial cawty and spiead along 
the pleuial suiface mushioom-fashion, while m the lattei case, tumors pri- 
mal y in the pleuia may difteientiate into an epithelial type suggestive of the 
Pancoast picture, in both instances, it is to be infeired, these tumors may be 
readily confused wnth the “Supeiioi Pulmonaiy Sulcus Tumoi ” On the 
othei hand, McFailand“ contends that lung tumois of this cell type aie not 
apt to be found m an apical lung lesion so fai fiom the laigei bionchi, and 
he further believes it to be highlj' impiobable that a tumoi of the lung wnth 
such meagei lung involvement could be piimary to such an extensive extia- 
pleural invasion How'evei this may be, it is at least appaient that biopsy 
only IS not competent to establish the identity of the “Superior Pulmonaiy 
Sulcus Tumoi,” and that the final A’^eidict must rest upon complete post- 
moitem studies wdnch aie adequate not only to exclude these local imitatois 
but to demonstiate, as well, the nonexistence of any sources of metastatic 
deposits 

In the mam, the assumption of a branchial oiigin foi the “Superior Pul- 
monaiy Sulcus Tumoi” must necessaril}'^ be founded upon evidence w'hich, 
although of an indirect type, is nevertheless impiessive Given a malignant 
epithelial tumor, piimaiy in the apical legion wfiiere no epithelial tissue is 
found noimally and gi anted the oppoitunity to exclude the lung, pleura and 
other local stiuctuies as a souice, this assumption is not umvaii anted The 
latei al w^alls of the primitive pharynx j^iesent five bianchial aiches wnth 
four successively intervening grooves lined externally by ectodeim and in- 
ternally by entoderm These giooves, especially the second, occasionally 
present peifoiations of the floor which peisist as bianchial fistulae on the side 
of the neck, and it is well recognized that these peisistent epithelial remnants 
are particularly prone to initiate epithelial neoplasms Caudal to the fifth 
pharyngeal arch there may appear an evanescent fifth groove the posterioi 
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\\all of ^^hlch ma) s1io\a a liaiih-ient condensation of mesenchyme suggesting a 
sixth aich, the so-called ullimohi anchial gioove and body These embiyonal 
tissues contiihute no definite adult stiuctuies and then ultimate fate is not 
known Pancoast suggests that peisistcnt epithelial lests fiom these oi otheis 
of the low Cl hianchial clcits mac seive as points ol dcpaituie toi the pri- 
mal} epithelial neoplasms ot this legion Accoidmg to WenglowskP^ bianchial 
anomalies can occiii onh ahocc the Inoid bone and the thymophaiyngeal duct 
IS the aiilagc ten cwsts and fistulae below this point Pie points out that the 
tlnmus is an cntodeimal e^ agination fiom the vential pait of the third 
gi oo\ e and that it communicates w ith the phai ynx by means of the thymo- 
])hai}ngeal duct This duct passes caudally and lateiall}, subsec|uently leach- 
ing the supiacaidiac aiea m the substance of the th\mus The uppei poition 
of the duct obhteiates but its distal poition ^leisists as an epithehal-lmed tract 
which IS suggested as a souice of c^sts and fistulae in this legion 

It IS oui impiession, on leciewing the foiegoing discussion, that much 
of the eMclence thus fai submitted in op])osition to the Pancoast hypothesis 
ma} legitimate!} be impeached on the giounds that it fails to give due con- 
sideiation to the scope and definition of the entity as oiigmally desciibed 
Accoidmg to oui inteipietation, this entit} is built aiound the concept of a 
sjiecific malignant apical neoplasm which is identified histologically by the 
pictuie of epidcimoid caicmoma and giossl} by its ‘ lack of origin fiom lung, 
pleuia, libs or mediastinum ’ If this be tiue, it follows that tumors of the 
a]iical legion whose gioss and moiphologic features indicate an oiigin from 
ail} of the aboce noted stiuctuies do not “fulfill the ciiteiia of the entity 
piCMOusl} desciibed as Superior Pulmonaiy Sulcus Tumoi” legardless of 
the fact that the} ma} pioduce identical clinical and loentgenologic manifes- 
tations It should again he emphasired, in this connection, that these mani- 
festations noted as essential elements of the Pancoast syndiome, repiesent 
after all meiely the effects of pi essure-desti uction on adjacent neive tiunks, 
and It IS, therefore, obvious that any of the vaiied types of apical tumors 
capable of exeitmg such pi essuie-desti uction may be expiessed symptomati- 
cal!} in a similai mannei Foi example, it is well recognized that adeno- 
caicinoma of the pulmonaiy apex may induce Hornei’s syndrome, aim pain 
and roentgenogi aphic evidence of apical tumoi, but this fact does not estab- 
lish a connection betw'een adenocai cinoma of the lung and the “Supeiioi 
Pulmonaiy Sulcus Tumoi” as some wuiteis seem to suggest In shoit, the 
qualifications for the entity undei consideiation resolve themselves into two 
essential, complementaiy ciitei la (i) A piimaiy epithelial neoplasm, specific 
in location, moiphology and enviionment — the “Supeiioi Pulmonaiy Sulcus 
Tumor”, and (2) a group of nonspecific clinical and 1 oentgenologic mani- 
festations which are incidental to the mechanical piesence of the tumoi — 
the so-called Pancoast syndiome 

Briefly stated, theiefoie, the point at issue in this contioveisy is whether 
theie exists at the supenoi thoiacic inlet a tumor which fulfills the cnteiia 
set foith for the “Supenoi Pulmonary Sulcus Tumor,” and this question 
awaits answer The negative side of the aigument has succeeded meiely in 
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demonstrating the nonspecificity of the syndrome itself, but for reasons pre- 
viously noted, this fact does not invalidate the original hypothesis On the 
other hand, the affiimative side is, likewise, open to criticism for its failure 
to establish the existence of this tumor For example. Pancoast, upon whom 
the burden of proof obviously rests, presented, in support of his theory, seven 
cases exhibiting a charactei istic clinical picture, but the evidential value of 
this series is impaired by the fact that it provided only two biopsies and no 
necropsies In the meantime, however, this deficiency has been compensated 
for by contributions fiom othei sources 

In 1934, Clarke^*" observed a patient who presented an apical shadow 
with erosion of ribs and vertebral bodies, associated with t3^pical aim pain, 
muscular atrophy and Horiiei’s syndiome At necropsy, the tumor, which 
proved to be an epithelioma, was found to be extiapleural although adherent 
to the lung, and Clarke, finding it difficult to conceive of a bronchogenic 
source, gave consideration to its oiigm from an embryonal rest 

In 1935, Fried^’’^ reported the autopsy findings 111 two cases of apical 
tumor which had exhibited, clinically, every aspect of Pancoast’s syndrome 
In each instance, the tumor mass, although completely filling the apical region 
of the thoiax and compressing the upper lobe fiom above downwards, was 
sepaiated from the lung by pleura and could be detached therefrom without 
loss of substance Histologically, these tumors weie epithehomata, and as 
careful search failed to disclose a pleural or pulmonaiy origin, and since they 
both aiose in areas where epithelial tissue is not noimally present, it was 
assumed that they oiiginated in epithelial lests embedded m the region of 
the sternoclavicular articulation Fried concludes that although the clinical 
syndrome is not pathognomonic, the tumor itself repiesents a well-defined 
entity for which he proposed the name sternoclaviculai branchioma Giaef 
and Steinberg,^® in 1936, studied, during life and at necropsy in this labora- 
toiy, a classic case of apical tumor exhibiting the Pancoast syndrome, and 
particularly emphasized the fact that the tumoi was attached only by adhe- 
sions to the lung, and that the spread of the tumor cells on the pleura was 
limited to a thin plaque Microscopic study of this tumor disclosed a ma- 
lignant epithelial neoplasm exhibiting the usual squamous epithelial airange- 
ment with occasional evidences in some aieas of a glandular pattern, and 
this picture, they point out, is not incompatible with branchial origin 

These instances establish the fact that theie does exist at the superior 
thoracic inlet a malignant epithelial neoplasm, intimately associated with the 
lung but demonstrably extrapleural m location, and capable of inducing the 
clinical syndrome described by Pancoast To add the final touch required 
to complete the picture of the “Superior Pulmonaiy Sulcus Tumor,” it only 
remains to verify the piimaiy natuie of the tumor m situ by excluding the 
possibility of foci elsewhere in the body McCarthy^® states that he has seen 
several intrathoiacic tumors with primary focus in the nasopharynx, and it 
is obvious that the routine autopsy cannot be relied upon to settle the problem 
under consideration It is evident, therefore, that the criteria determining 
the selection and identification of the “Superior Pulmonary Sulcus Tumor” 
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must be based, not onk upon clinical and i oentgenograpbic data, but must 
include as well, biopsy, study, opei alive exposuic of the tumoi and, finally, 
llie oppoitunit} to cany out a complete, meticulous postmortem study in- 
clusive of eAeiy stiuctuie m the body 

It is the piiman puipose of the piesent lepoit to lecord our obseivations 
based upon the study of a senes of apical chest tumoi s wdnch, m view of 
the cbaiactci of the picceding discussion, contnbute impoitant data thereto 
and m oui opinion, adequately establish the “Stipenor Pulmonary Sulcus 
Tumor” as a specific cniily This senes comprises eight cases, all of wdnch 
exhibit the classic pictuie of Hoinei’s syndiome associated wuth the typical 
apical shadow, chaiactenstic pain distnhution and musculai atrophy In 
three of these cases, the apical tumoi w^as showui to be either bronchogenic 
oi metastatic caicmoma and thus seived to illustiate the nonspecific natme 
of I he Kvndioinc itself, two cases, wdnch weie undoubtedly tine Pancoast 
tumors, weie. nevertheless, disqualified because of incomplete pathologic 
studies, iheie lemain, thciefoie, thiee instances which “fulfill all the ciiteria 
of the entit} prcMoush described as pnmary ‘Pulmonaiy Sulcus lumoi 
These cnleiia. which, accoiding to oui conception, deteimine the selection 
of these tumoi s. ma} he suinnian7ed as follows 

(1) Clinical CMdcnce of an apical tumoi expressed m tenns of piessure- 
destruction effects upon adjacent neive and osseous tissues — (Hare’s 
syndrome) 

(2) Histologic evidence of epithelioma 

(3) Pathologic evidence, based upon biopsy, operative and postmoitem 
studies, which aie competent to piove (a) the extiapulmonaiy character of 
the tumoi , (h) its “lack of oiigin fiom lung, pleura, ribs or mediastinum”, 
and (c) Its piimaiy nature as detei mined by especially planned methods 
designed to exclude all possible sources of metastatic origin 

If this standard is applied to the selection of “Stipenor Pulmonaiy Sulcus 
Tumors,” theie appeal hut foui instances m the hteiature, one leported by 
Claike, 111 1934, tw'o by Fiied, m 1935, and one by Graef and Steinberg, in 
1936, which confoim satisfactorily, and thus, since thiee of our own cases 
seem to be acceptable on this basis, a total number of only seven authentic 
cases have been recoided to date 

111 presenting our own material, it seems expedient foi purposes of 
analysis, to do so undei thiee headings 

/ Cases typifying the nonspecific natuie of Paiicoast’s syndrome (Hare’s 
syndrome) together wuth brief discussion of the histoiy and clinical aspects 
of this condition 

II Consideration of thiee cases of apical tumor, wdnch are piesented as 
instances of tiue “Supeiior Pulmonaiy Sulcus Tumors ” 

III Analysis of the clinical symptoms of the “Supeiior Pulmonary Sulcus 
Tumor ” 

I Hare’s Syndrome — The syndiome, about which this discussion has 
centered, presenting (a) Horner’s syndrome — expressing involvement of the 
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ceivical sympathetic chain, (b) pain lefened to shouldei, aim and hand, 

plexus, and (c) an apical tnmoi with destiuctive mfiltiation of contiguous 
libs and veitebiae — populaily lecognized as Pancoast’s syndrome 

It has, howevei, been pointed out by Fulton,-® m his aiticle on Homer’s 
syndiome, and again by Biowdei and DeVeei,"^ that the syndrome was fully 
described a centuiy ago by Edwaul Selleck Haie,-^ then House Suigeon to 
the Staftoid County Geneial Infiimai} m England His name, howevei, 
like that of many othei obseiveis who lived when medicine was an art, is 
lost to the eponymic nomenclature of to-day On the contiaiy so many 
names aie falsely gloiified, as in the instance of “Hoinei’s syndiome” itself, 
as illustrated not only m Haie’s lepoit but m a clinic and pathologic lepoit 
from the files of Bellevue Plospital, in 1868 

Haie leviewed the oculai signs and symptoms in the presence of destiuc- 
tion of the lowest cervical sympathetic ganglion, 31 years later to he identi- 
fied with the name of Hornei Haie Mcnt even furthei and described all 
of the components of the still bioadei syndrome, including in Ration of the 
biachial plexus, which has lecentl}'^ been identified with the name of Pancoast 
Haie’s patient was a male, age 40, \\ho piesented himself complaining 
of pain, tingling and numbness 111 left aim along couise of the ulnai nerve 
Theie was a small tumoi situated m the “infeiioi triangulai space” Hare 
attributed the pain to biachial plexus involvement and obseived that “the 
pupil of the left eye became conti acted and the levator palpebiae ceased to 
perform its office” Treatment with opiates, meieiiiials, leeches, blisteis and 
belladonna, was futile and the man died Neciopsy levealed “A tunioi 
possessing the hardness of sciirhus extending under the sternocleido- 
mastoideus and trapezius and was seen to extend upwaids as fai as the 
origin of the brachial plexus The carotid aitei)', internal jugulai A'^ein and 
pneumogastiic nerve passed into its substance, the first remaining pervious, 
the two last weie lost and transfoimed into the diseased stiuctuie, as were 
also the phrenic neive and faithei down the sympathetic, with its lowest 
ceivical ganglion The tuinoi lay upon the thud and fourth neives of the 
plexus, both of which weie insepaiable fiom it ” This represents but a pait 
of the detailed desciiptioii of the tumor and its lelations Except foi the 
fact that microscopic examination of tissues was not an accessible aid m 1838, 
Hare’s case is as complete as any now available 

In 1859, MacDonnell stiessed the significance of myosis as a sign of intia- 
thoracic tumors Colby-^ responded by calling attention to his leport of 1850, 
in which a female, age 17, suffeied from pain in the shoulder and “shooting 
pains down the arm and into the fingei s ” A small tumoi was palpable 
above the left clavicle and theie was ptosis of the left eyelid with constriction 
of the pupil Although necropsy was iieifoimed, the detailed findings w'^eie 
not described Subsequently a laige numbei of cases of intiathoiacic disease 
causing myosis, w^ere repoited Most of these were by Fiench writers and 
w'eie ascribed to tuberculosis 
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Klunipkc,-’ in 1885, commenting on aim paialyses and biacliial plexus 
mjni}, mentioned the, not uncommon, oculai changes in the form of the 
Claude Beinaid-Hornei s\ndiome She lepoited two cases with arm pain, 
anesthesia, paiaKsis, ptosis and m\osis The hiaclnal plexus and sympathetic 
mjinies were on a tiaumatic basis 

Seveial instcinccs have been cited in which the s}ndiome was caused by 
cineunsms The desciiption of such an aneuijsm is to be found 111 the lec- 
01 ds of BelleMie Hospital for the yeai i868, one year hefoie Horner defined 
his s}ndiome and its etiolog} The Bellevue case piesented a subclavian 
aneurysm which caused pain that ladiated down the light aim and ptosis of 
the e_\elid on the same side was noted Valentine IMott ligated the innominate 
and caiotid aiteiies The patient Ined 24 days aftei opeiation Necropsy 
re\caled erosion of the fiist thiee iihs and veitehiae on the light side Death 
was caused Iw uiptuie of an ancuixsm of the innominate aiteiy some distance 
below the point of ligation Anothei case, similai in almost eveiy detail, 
was repoited in 1886, h} Ma} This patient w'as placed on a “Tufnell’s 
aneur}sm diet.' hut became clamorous foi food and unwilling to continue 
the lestricted diet ’ so that it was necessaiy to lesoit to the hunteiian opeia- 
tion The patient died fiom hemoiihage on the eighteenth day after opeiation 
Necrops} demonsti ated eiosion of the ujipei iihs posteiioily as well as eiosion 
of the fiist dorsal \eitehra 

While the piecise definition of the Haie s}ndiome necessitates a neo- 
plasmic etiolog}, it has been pointed out that tuheiculosis. osteoaithiitis, and 
tiauma ha\c brought about a similai clinical picture Moie to the point la 
It significant, that it has been jiossible to glean fiom medical liteiatuie a 
total of 48 cases in wdiich the Haie syndiome has had an actual neoplasmic 
oiigin Obviously, these show' striking clinical and 1 oentgenologic unifoimity, 
but due to the paucit} of adequate pathologic study, it is possible to make 
a sound presumptive diagnosis m only 30 lepoits These include 20, probable 
bronchogenic, caicmomata, two definite osteogenic sarcomata, one fiom a 
Aertebra and the other from a rib, one definite sympatbicoblastoma , tw'o 
metastatic caicmomata. one from the stomach, the other from a breast, one 
metastatic tumor, probably fiom a hypei nepbi oma , and, finally, one “caici- 
noma of the thymus ” 

Those instances in wdiich the Haie syndiome has aiisen as a result of 
appal ently primary “Supeiior Pulmonaiy Sulcus Tumois” have already re- 
ceived consideration 

With an appreciation foi the pathologic nonspecificity, yet clinical unity 
of the components of this syndiome, and in view' of the excellent clinical 
and physiopathologic discussion of Edwaid Sellick Haie, 100 years ago, it 
seems most appropiiate to designate this syndiome as the “Haie syndrome” 

In view' of the laige numbei of cases that have been reported m the 
literature, illustrating varied neoplasmic deiivation of Hare’s syndrome, it 
suffices to review biiefly thiee of the six cases that have been observed m 
Bellevue Hospital 
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Case 1 —Male’s Syitdioinc Chart No 45, Path No 11754 F E, white, male, 
age 48, was aclniittecl to tlie Fouith Division of Bellevue Hospital, complaining of con- 
stant boring pain in the left shoulder which radiated down the arm into the hand This 
pain had increased steadilj over a period of eight months and had been almost unbearable 
during the previous three weeks During this period there had been a conspicuous 
tendency toward swelling of this extiemity There had been a weight loss of 33 pounds, 
most of which had occurred dining the preceding three months There were no other 
symptoms directing attention to intrathoracic disease 

Physical Eiannuatton revealed an emaciated man with considerable edema of the left 
arm Both pupils weie contracted, but there was a marked ptosis of the left ejehd 
Examination of the chest disclosed a smooth, firm mass filling the left supraclavicular 
fossa and mfraclavicular fulness on the same side The corresponding region was found 
to be flat to percussion and devoid of breath sounds on auscultation down to the level of 
the fourth rib The only other notevvorthj finding was a firm mass m the left lobe of 
the prostate, which was estimated at 3x3x3 cm 

Roentgenologic examination revealed a circumscribed mass filling the region of the 
left pulmonic field, abov'c the level of the fifth iib Destructive changes were noted in 
the first and second ribs ])Ostcriorly 

Notwithstanding roentgenothcrapj , the patient grew steadilj weaker over a period 
of two months During the thud month in the hospital and terminal month of life, 
urmarj retention necessitated repeated catheterization He died in uremic coma on the 
fifty-eighth day of hospitalization 

Necropsy revealed a primary alveolar carcinoma of the left lobe of the prostate with 
multiple metastases to the lungs There were also metastases m the first two ribs on 
the left side, with infiltration of the suriounding soft tissues and cervical extension as 
far upward and medially as the thyroid gland The brachial plexus and cervical sym- 
pathetic chain on the left side were incorporated in the metastatic carcinomatous mass 

Comment — This patient was oiiginally thought to be suffeiing fiom 
piimaiy bronchogenic carcinoma in which the Haie syndrome was the only 
conspicuous clinical feature It was not until the last month of life that the 
primary carcinoma of the jji estate produced direct symptoms 

Case 2 — Hate’s Syitdioinc P O’C, white, male, age 49, was admitted to Bellevue 
Hospital complaining of pain in the right axilla and scapular region This pain had first 
been noticed one and one-half years befoie admission but it had become more severe and 
constant during the preceding three weeks There were no dyspnea, cough, hemoptysis, 
night sweats or other symptoms directing attention to any intrathoracic disease 

Physical Examination revealed a well-developed and well-nourished man There 
was enophthalmus of the left eye, contraction of the pupil and marked ptosis of the 
corresponding eyelid On examination of the chest, marked tenderness to pressure was 
noted anteriorly down to the third rib and posteriorly to the level of the spinous process 
of the fifth dorsal vertebra On percussion posteriorly, there was flatness at the right 
apex shading into dulness down to the angle of the scapula Over the corresponding 
area and in the supraclavicular fossa, distant breath sounds w'ere heard 

Fluoroscopic examination revealed a dense nodular shadow which extended from the 
right hilus, obliquely upward, and completely filled the right pulmonic field immediately 
above and below the clavicle These findings were confirmed roentgenologically 

The seven millimeter bronchoscope was passed and the mucous membrane of the 
right bronchus was observed to be thickly coated with mucus and to have lost its normal 
color The upper portion of the right upper lobe was fixed m position so that its bronchus 
could not be brought into view There was no evidence of neoplasmic growth into 
the lumina of the bronchi 
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In spite of roentgcnotlicrapj , the patient led a rapidlj^ downward course to death 
111 two inontlis 

Nccropsv revealed piiinarj adenocarcinoma of the right mam bronchus extending 
up o\cr the apex of the lung extiapleuially, w'lthout lung involvement There was erosion 
of the first and second ribs on the right side, the claMcle, the sixth and seventh cervical 
and the first and second dorsal \ertcbial bodies The brachial plexus and cervical sym- 
pathetic chain w’ere extensnelj involved m the tuinoi mass Metastatic nodules were 
found in the Iner, in both kidneys and in both adrenal glands 

Comment — This case constitutes an example of Haie’s syndrome, de- 
iived from infiltration of the stiuctuies m the legion of the thoiacic inlet 
by an adenocaicinoma of bionchogenic oiigin 

Case 3 — Ilau s Sxiuhomc E S, white, male, age 47, w'as admitted to the Fourth 
DiMsion of BellcMic Hospital, complaining of pain m the right shoulder, w'hich had been 
first felt nine montlis previoush, and was intermittent m character For the past six 
months tlic pain had been constant Tiie patient also complained that he had been 
slowh “losing his \oice” A wciglit loss of 60 pounds had been noticed since the onset 
of s\ mptoms 

Plivsical Exammahon rc\calcd a wcll-dc\ eloped and well-nouiished, florid man, 
with slight fulness of the right side of his face I here was marked congestion of the 
eciiis of tlie neck on tlic right side and on the anterior aspect of the chest dowm to the 
diaphragmatic line 

A partial Horiici’s s\ndrome of the right c\c w'as manifested b\ ptosis of the eyelid 
and contraction of the pupil which measured tw'o milhmetcis in diameter, although the 
pupil of tlie left c\e measured fine millimeters m diameter There was no definite 
enophthalnios 

On examination of the chest, a soft mass filled the right supraclavicular fossa The 
right apex w’as dull to iicrcussion as far down as the angle of the scapula posteriorly 
and to the second intercostal space anteriorly Breath sounds over the area of dulness 
were distant and bronchial in charactei 

Over the distribution of the right ulnar ner\e there w'as marked diminution of tactile 
sensation Clubbing of the fingernails W'as present in the right hand but not in the left 

Roentgenologic examination revealed a circumscribed mass occupying the upper half 
of the right pulmonic field After a course of roentgenotherapy to the upper half of the 
right side of the thorax, the patient’s symptoms improved sufficiently that he insisted upon 
being discharged to the Out-Patient Department He failed to continue his roentgeno- 
therapy and has been lost to the Follow'-Up Clinic, so that his subsequent course remains 
in doubt 

Comment — This case piesents tw^o clinical featuies not uncommon con- 
comitants of Hate’s syndrome, namely, venous obstruction at the thoracic 
inlet and involvement of the lecuirent laiyngeal neive It further empha- 
sizes the uncertainty m differentiating pi unary “Pulmonary Sulcus Tumors” 
from other neoplasms without pathologic study 

II Pi esentatwn of Cases — This group compiises three instances of 
apical tumor whose clinical and 1 oentgenologic manifestations suggested a 
primaiy diagnosis of “Supeiior Pulmonaiy Sulcus Tumor” and this diagnosis 
appears to be adequately substantiated by the character of the gross and 
histologic data submitted 
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Tig I — Apicil tumor Cise i Sliouiiif, rib lie 2 — Broncliogrim Cose i Showing intact 

erosion bronchn! tret ind posterosiiperior compression of 

upper lobe 



Tig 3 — Bronchogram, Cose i Lateral aspect showing 
posterosiiperior position and relationships of tumor mass 


12 


\oIiinit 11 J 
Nunibi r 1 


SUPERIOR PULAIONARY SULCUS lUAIORS 


Case I — Cliart No 60050, Path No 2S38136 C S, white, male, age 47, was ad- 
mitted to tlie Fourth Surgical Duision Bellevue Hospital, June 6, 1936, complaining of 
‘:c\ere, stabbing pain rcfcned to the light shouldei and radiating down the right arm 
At the onset of this pain, fi\c months prcvioush, and because of the attendant rapid 
loss of weight and appetite, tlic patient had been admitted to another hospital wdiere, 
after two months obser\ation, a diagnosis of pulmonan tubeiculosis w'as made and 
artificial pneumothorax instituted Subsequent to discharge, the pain become more 
se\eie and the patient became so weak and d\spneic that he applied foi admission to 



Fig 4 —Gross specimen C ise i Pleural surface 


another Iiospital where examination disclosed a shghtlj’^ tender mass between the bordei 
of the scapula and the vertebral column on the nglit side Roentgenograms at this time 
revealed, in addition to the pneumothoiax at the right base, a rounded, homogeneous 
shadow at the right apex and m the infraclavicular region The third to the sixth ribs 
posteriori}' show'ed evidence of destruction and a tentative diagnosis of osteogenic 
sarcoma w'as made At this time repeated sputum examinations w'ere negative for tubercu- 
losis but the Wassermann reaction w'as strongly positive 

Upon admission to Bellevue Hospital the patient appealed emaciated, dyspneic and 
cyanotic The pain, which had become exceedingly severe, radiated from the shoulder 
region into the axilla and across the right scapular region to be eventually referred 
down the arm, particularly into the fourth and fifth fingers In addition he complained 
of a constant, dry, nonproductive cough, shortness of breath, anorexia, and a progres- 
sive weight loss of 25 pounds over the preceding four months’ period 
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Physical Exaimnatwn was essentially negative except for the local condition Tem- 
perature averaged ioo° F rectally, and pulse lOo to rao Blood count showed 3,500,000 red 
cells with 65 per cent hemoglobin Horner’s sindromc was not present, neurologic 
examination gave negative results, and there was no evidence of venous dilatation over 
chest or neck 

Over the right interscapular region a firm, solid, tender swelling bulged through the 
intercostal spaces rising four centimeters above the surface and measuring nine centi- 
meters in diameter at the base This area was flat to percussion and there was com- 



Fig s — Gross specimen. Case i Tumor sectioned to show diameter 

of cut section 


plete absence of breath sounds over the apical region anteriorly and posteriorly, while 
posteriorly, below, a pleural rub and moist rales could be heard Roentgenograms dis- 
closed a dense, circumscribed mass occupying the right upper hemithorax with eiosion 
of the third to sixth ribs posteriorly and thickening of axillary pleura from apex to 
base (Fig i) A bronchogram, after injection by Doctor Stanford, of the right upper 
lobe bronchus, showed an intact bronchial tree but indicated that this lobe was com- 
pressed from above and behind (Fig 2) Simultaneous lateral and stereoscopic studies 
disclosed the posterosuperior position and relationships of the tumor mass (Fig 3) 

At this time, a specimen of the tumor, obtained by aspiration biopsy (Doctor Hig- 
ginbotham) was submitted to Doctor Symmers and Doctor Hutcheson, both of whom 
concurred in the tentative histologic diagnosis of epidermoid carcinoma 

Under observation, the symptoms became progressively worse and the pain in- 
tractable so that considering the hopeless prognosis without intervention, it was decided 
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to attempt a paliiatue surgical removal of the tumor A preoperattve diagnosis of 
Pancoast tumoi was made and, under cjclopropane intratracheal anesthesia, the 
thorax was approached through a right posterior scapular incision The scapula was 
turned latcrall} to permit the section of the second to fifth ribs well to the outer side of the 
tumor as well as close to then angles, and thus a bloc removal of the tumor with the 
iinohed rib segments was attempted The tumor w'as then seen to completely surround 
the first to the sixth ribs, extending into the neck and invading both low'er cervical 
and upper dorsal \crtebral bodies (Figs 4 and 5) Anteriorly, the tumor compressed 
the right upper lobe but was definitelj extrapleural, the visceral pleura stripping readily 
awa^ from the tumor mass without loss ot substance The tumor was, therefore, com- 
plelch mobilired except in its posterosupeiior portion wheie its dense attachment in 
the angle between ribs and corresponding \crtcbral bodies rendered complete removal 
impossible 



Fig 6 — Pholomics-OKriph of Tumor in Cise Fig 7 — Photomicrograph of Squamous Cell 
1 Snowing (i) «;in.tt 5 . of Inperchroniilic pohhed Fpitliehoma in Case 2 Showing abundant dense 
ral cpithelnl cells jioorh dilTcrtntiated, (b) are is fibrous stroma regarded as characteristic of a 
of * pncklt ' cells, (c) whorls of squamous cells bronchogenic origin 
with epithelial pearls ’ 

The postoperatne course was stormj, with the development during the first 24 hours 
of considerable serosangumcous fluid m right chest which necessitated thoracentesis 
During the second postoperative day contralateral pulmonary edema further complicated 
the picture and death followed from cardiocirculatorv failure on the second postoperative 
daa 

At autopsj, remnants of the tumor w’cre found infiltrating the planes between the 
scalenus muscles, the brachial plexus was widely invaded, and the cervical sympathetic 
chain was lost in the tumor tissue The routine autopsy w'as supplemented by a careful 
search designed to rule out the existence of primary or metastatic tumor foci and 
included complete investigation of the head, sinuses, pharynx, adrenals, lungs, bronchial 
trees, etc Since these efforts produced negative results, it was felt that the primary 
character of the apical tumor was quite effectively established 

Microscopic sections (Fig 6) revealed sheets of hyperchromatic, polyhedral epithelial 
cells showing very little differentiation In some areas, cytoplasmic bridges or “prickle 
cells” were noted, while in others squamous cell whorls with epithelial “pearls” w^ere 
observed A histologic diagnosis of epithelioma of unknowm origin was made by Doctor 
Symmers 
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Additional bcttions, to include the visccial pleura and subjacent lung in pioximitv 
to the tumor, adequatch establish the fact that the neoplastic process is abruptly limited 
by the formci and that no nnasion of the lattti has taken place despite the extensne 
infiltration of ncighboiing iibs, \crtebrac, etc 

Comment — In summar}, theicfoie, Case i piesenls a piimary, extra- 
pleuial, squamous cell epithelioma ansmg m the postei osuperior thoiacic 
guttei and exhibiting a tendency tow aid destructive infiltiation of adjacent 
libs, veitebiae and neive tiunks The extiapleural character of this tumor 
appeals to be adequately established by the gioss and micioscopic evidence 
submitted and a bronchial oi pulmonary oiigin can be effectively ruled out 
At the same time, its classification as piimaiy /;; situ may be predicated upon 
the lesults of special studies designed to exclude 'all other possible souices 
of oiigin It IS w'orthy of note, in view of the marked involvement of the 
cervical sympathetic tiunk as demonstiated b}' autopsy, that Horner’s syn- 
diome w'as conspictioush absent, thus indicating that this sign is not neces- 
saiily pathognomonic of apical tumors Finally, the lelative immunity of 
the lung to neoplastic invasion is of inteiest in the face of the extensive 
involvement of the neighhoiing ribs, vertebrae and muscle planes 

Case 2 — Path No 19278 A J , Negro, age 47, was admitted to the hospital com- 
plaining of pain originating m the right scapular region and radiating to the right 
shoulder axilla and upper arm The pain, which was first noted four months previous 
to admission, had recentlj assumed an agonizing character and was associated w'lth 
dyspnea, general weakness and a weight loss of 40 pounds since onset of illness 

Physical Examination revealed a nioderatelj emaciated patient who presented a 
soft mass bulging the supra- and infraclavicular fossae on the right side There w'as 
marked atrophy of the shoulder muscles and percussion disclosed an area of flatness pos- 
teriorly down to the level of the third dorsal spine and anteriorlj as low as the second 
rib The right pupil was much smaller than the left, the corresponding palpebral fissure 
was distinctly narrow'ed and theie w-as a definite degree of enophthalmos present 

Roentgenologic examination demonstrated a dense homogeneous mass occupying the 
right apical region, and there w'as evidence of extensive destruction of the first w'lth 
partial erosion of the second rib posferiorlv In addition, a large cavity was observed 
at the right apex 

Operation, undertaken three w'eeks after admission, disclosed an extensive, inoperable 
tumor of the apex and operative procedure w'as limited to the removal of material for 
biopsy 

The patient died on the sixth postoperative day, and a complete autopsy was carried 
out The tumor occupied the posterosuperior portion of the thoracic inlet and w'as 
densely adherent in the region of the first and second ribs and their corresponding 
vertebrae, all of which w'ere eroded The right apex of the lung was compressed and 
adherent to the tumor mass but could be easilj separated therefrom and showed no 
gross evidence of infiltration thereby Careful search of the lung and bronchial tree 
disclosed no evidence of neoplastic tissue, and it was felt that these structures could 
not have guen origin to the tumor, although investigation failed to reveal any neo- 
plasmic foci in other parts of the bod}- 

Dr Douglas Symmers, under w'hose direction this W'Ork w'as later undertaken, re- 
viewed these sections (Fig 7) without knowdedge of the autopsj findings and pointed 
out that the dense and abundant fibrous stroma of this squamous cell epithelioma is 
characteristic of the epitheliomata of branchiogenic origin He felt justified in making a 
diagnosis of squamous cell epithelioma of branchiogenic origin, in this instance on a his- 
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lologic basis alone Tins opinion was in accord wnth the autopsy findings, though ai- 
med at indepcndcnth 

CoMAiENT — Case 2 picscnis ail extiapleuial, apical tumoi tvhich proved 
to be an epidcimoid taicinoma lloineis syndiome, lefeiied atm and 
shonldei pain, and eiosion of iihs and \citeinac completed the clinical pictuie 
Complete postnioitcm studies failed to disclose ioci elsewheie m the bod)^ 
The postmoitem diagnosis was “Supeiioi Pnlmonaiy Sulcus Tumor” This 
case IS unique m that a picstimptne gioss diagnosis of piimaiy “Pulmonary 
Sulcus Tumoi’ was made b} cxcIumou at neciops), and independently con- 
{iinied In histologic studies 

Case 3 — P.illi No 24819 G I , white, niak, age 42, w^as admitted to Bellevue 
Hocpital, August 16 1937 bc\en months pit\!ousl\ he had first experienced a sharp, 
intcinnltcnt pain m the nglit arm and shouldct Two months latei this pain had become 
icr\ seierc, and was at tins time also rcfeirtd to the light axilla, scapulai and infra- 
claMcnlar regions For tlie past fnt months he had complained of a chionic cough 
which had rccenth become productne of a thick, tenacious, \ellow' sputum, but at no 
tune had blood been noted During the past see oral weeks he had developed a pro- 
gressne weakness and anorexia, and st.ated that he had lost 35 pounds dm mg the last 
fi\c-month period Thioughout this inlet \al he said he had felt ‘feverish” each after- 
noon but had not obscrecd an\ assoeiated night sweats He had been a chronic alcoholic 
for several veais but denied vcneical infection 01 disease 

P/nrnn/ } 2 xajiniiaiioti The patient appealed emaciated, pallid and acutely ill The 
right pupil was smaller than the leit but thete was no enophthalmos or ptosis of the 
upper hd 'J he pupils reacted normalh to light and accommodation There was slight 
dulncss to percussion over the light apex antcrioih and posterioily with some diminu- 
tion of breath sounds, but no rales were detected An enlaiged, haid, discreet bmiph 
node was palpable in the right supraclavicular fossa 

A roentgenogram revealed definite mhltiation with thickening of pleura at the 
right apex (Fig 8) Temperature 101° F Pulse 90 Respiration 24 Red blood cells 
4,000000 Hemoglobin 90 pci cent \\ assermann negative Blood pressuie 100/75 
Sputum negative for tubercle bacilli Spinal tap indicated inci eased pressuie but the 
cell count was normal Neurologic examination was essentially negativ'e 

On August 24 1937, a biopsv was taken from the mass in the supraclavicular fossa, 
under local novocain anesthesia Ivlicroscopic examination demonstrated nests of 
irregularly shaped cells varving greatly in sme, shape and staining qualities The 
cells presented large nuclei with heavv chromatin networks and prominent nucleoli 
A heavw and abundant fibious tissue stroma was conspicuous Some areas piesented 
marked round cell infiltration From these sections a diagnosis of transitional cell 
epithelioma was made 

The patient’s condition appealed unchanged following the biops> On the second 
postoperative dav . after spending a comfortable night, the patient ate a normal breakfast 
at 7 30 A M At 7 55 A M his nurse noticed that he suddenly developed marked an 
hunger, that his pulse became weak and flutteiing and that he rapidly sank into ex- 
tremis and died within a few minutes 

At necropsv, on inspection of the body externally, it was noted that definite enophthal- 
mos was present in the right eje Theic was atrophv of the interosseous muscles of the 
right hand togetliei with atrophy of the thenar group The circumference of the right 
forearm was grossly less than that of the left arm, although the remaining musculature 
of the body was symmetrical 

On examination of the right lung and 1 egion “of the thoracic inlet, a tumor, firm 
in consistency and yellow m color, was found to he in an extrapleural position at the 
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apex of the lung This tumor rose into tlie neck to the level of the fourth cervical 
vertebra It had eroded the contiguous vertcbial bodies and had involved the trunks 
of the brachial plexus as well as the stellate ganglion 

There was infiltration of the apical pleura Careful dissection of the bronchi and 
bronchioles revealed nothing remarkable Further search disclosed no other sites of 
possible oiigin for the tumor and no metastatic foci were discovered 

Microscopic examination provided further opportunity for study of the transitional 
cell epithelioma noted above m the biopsj There was again observed the infiltration 
of the apical pleuia and the subjacent lung tissue 




Tic 8 — Roentgeiiogi im, Case 3 Showing npica] shadow 

Comment — This case is complete with clinical and pathologic studies 
The classic Haie’s syndiome was piesent It is interesting that the enoph- 
thalmos of the right eye was not maiked until aftei death In this instance, 
the Haie’s syndrome was pioduced by a tumor, which by all available methods 
of investigation would appear to have had its origin from an extrapulmonary 
site m the superior aspect of the right pulmonary sulcus 

III Symptoms — The clinical manifestations of the “Supeiior Pulmonary 
Sulcus Tumor” are strikingly constant and, inasmuch as they are expressive 
of pressure-destruction effects upon structures contiguous to the pulmonary 
apex, they are necessarily common to a variety of neoplastic and inflammatory 
tumefactions occuning in this region 

Pam of an intractable type, leferred to the shoulder, scapulai region, 
axilla and down arm to fingers, is almost invariably the first symptom noted 
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and piecedes by sevetal months all other signs including roentgenologic evi- 
dence of apical shadow It is, theiefoic, not lemaikahle that the early his- 
tones, in the majoiity of instances, lecoid peiiods of tieatment for arthiitis, 
neiiiitis, subdeltoid huisitis, angina pectoiis and allied conditions This symp- 
tom IS next follo\\cd by a lapid and piogiessive loss of weight and strength 
accompanied b} a chionic diy, ii mating cough, dyspnea and cyanosis 
Roentgenogiams made at this time will usually leveal an eaily apical density, 
thus completing a pictuie which leads to a diagnosis of apical pulmonaiy 
tubciculosis It will be noted that Case i of oui senes was so classified and 
received pneumothoiax therap) at a tubeiculosis sanatorium over a period 
of several months jM}osis, ptosis of the upper lid and hypeihidiosis may 
occui eaih, late or ma} be absent thioughout, inespective of the extent of 
the pathology H}peiesthesia, anesthesia and inusculai ati opines involving 
the arm and small muscles of the hand aic vanable and inconstant m oc- 
currence Erosion of vcitebial bodies and nbs, extension of process to 
supi aclaviculai nodes and actual giowth of the primaiy tuinoi into the ceivi- 
cal planes are latci obseived as the disease advances 

As has pieviously been emphasized, these symptoms aie not peculiar to 
the “Siipeiioi Pulmonary Sulcus Tumoi” as such, since they are merely evi- 
dence of vaiying degices of piessuie and destiuction in the neighborhood 
of pulmonaiy apex and may, theiefore, be induced by numeious conditions 
occurring in this legion It should, furtheimore, be observed that Hare’s 
(Horner's) s}ndiomc is likewise nonspecific, since it has been shown to 
accompany various lesions affecting the apical legion, wheieas this sign is 
conspicuous by its absence in Case i, a classic advanced type of “Superioi 
Pulmonary Sulcus Tuinoi ” 

Summary — It has been the puipose of this study to evaluate the patho- 
logic status of the so-called “Supeiior Pulmonaiy Sulcus Tumor” and to 
establish the clinical significance and lelationship thereto of the symptom 
complex variously known as Haie’s or Hoinei’s syndioine The controvei sial 
literature pei taming to this subject has been analyzed, the histoiy and clinical 
aspects of Haie’s syndrome have been considered, and the clinical and patho- 
logic aspects of the “Superioi Pulmonary Sulcus Tumor” m conjunction 
\vith a carefully studied series of eight apical tumors have been submitted 
It IS oui belief that this mateiial piesents evidence which adequately sup- 
ports the following conclusions 


CONCLUSIONS 

(1) That there does exist, at the superior pulmonaiy apex, an epithelial 
neoplasm which is distinguished fiom all othei tumors common to this region, 
(a) by its lack of origin from any known adjacent tissue or from metastatic 
foci, and (b) by a histologic pictuie suggestive of an embryonal souice 

(2) That the accurate identification of this tumor must be conditioned 
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Upon (a) The exclusion of lung, pleuia, ribs, peiiostcum, veitebiae and 
mediastinal structuies as a source of origin, (b) the histologic proof of a 
squamous cell epithelioma, and (c) satisfactoiy denionstiation of the absence 
elsewhere in the body of a possible focus foi metastatic spiead 

(3) That the sym])tom com]Dle\, ledescribcd by Pancoast and known as 
the “Pancoast syndiome” is decidedly not a s])ecific manifestation of the 
“Supeiioi Pulmonaiy Sulcus Tumoi” but may be induced by various types 
of neoplasms as well as othci pathologic conditions occuirmg in proximity 
to the pulmonaiy apex 

(4) That the syndiome attiibuted to Hoi net was fully desciibed by 
Haie 31 yeais before Hoinci s publication and that theiefoie, it should 
piopeily be known, and is so heiein recoided, as Haies s}ndiome 

(5) That m its eaily stages, this disease is almost iinaiiabl}^ tieated as 
aithritis, neuiitis, apical tiibei culosis angina pectow, 01 subdeltoid binsitis, 
and that eaily loentgenologic study, in obscuie conditions of this type, may 
well bung this condition wnthin the lealm of efficient surgical therapy 

(6) That loentgenotheiapy has pi oven to be futile as a method of 
tieatment 

(7) That of eight cases of apical tumoi piesentcd, three definitely con- 
foim to the above stated conditions for identification of the “Superior Pul- 
monaiy Sulcus Tumor ” 

The authors desire to acknowledge tlicir \cr\ great appreciation of the cooperation 
of Dr Douglas Sj miners, Director of Pathologic Laboratories whose invaluable in- 
spiration, assistance and advice pro\ed to be a large factor in tlie preparation of this 
report 
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REPORT OF THREE CASES 

Guy W Horsley, M D , 

AND 

R A Berger, M D 

IllCIIMOM), Va 

mOM TIIF SURGICAL AND nOf NTGJ NOI OniC DFI NTS OF ST F LI7 illFTH S IIOSI ITAI IirCHMOND 

Gastric leiomyosarcoma is the least common of the saicomata which 
involve the stomach The following statistics indicate its raiity in comparison 
with other mesothehal tumors (Table I) 


lABin I 


COMPARATIV^E OCCURRENCE OI" VARIOUS T\PrS OP SARCOMATA OP THE STOMACH 


D’Aunoy and Zoeller* Senes 135 cases 
Balfour and McCann- Senes 54 cases 


Lympho- 
sarcoma 
63 0% 
71 3 % 


Fibro- 

sarcoma 

14 0% 

13 3 % 


Leiomyo- 
sarcoma 
9 0 % 

6 7 % 


Ewing® states that i per cent of all gastric neoplasms aie of smooth muscle 
oiigin Fenwick'* believes the rate is about 5 ^lei cent, while Yardunnian® 
places It at one m 300 

Benign myomata are not so raie, since 16 per cent of all necropsies 
(Rieniets®) show small tumors in the gastiic wall, and, theiefoie, only a small 
percentage of these appaiently undergo malignant transfoi mation The benign 
lesions, in themselves, aie of little clinical or pathologic importance, unless 
ulceration takes place, anemia presents itself, or a malignant degeneration 
supervenes 

The sarcomatous lesions are described as occuning within the stomach 
(intragastnc), outside the stomach (extragastiic), or invading the wall (in- 
filtration) Grossly, the tumors are quite innocent in appearance The de- 
marcation is sharp, encapsulation is apparent, and they are quite vascular, and 
are of a mahogany color interspersed with some yellowish portions The 
intragastnc and exti agastric varieties are usually attached by a pedicle 

The leiomyosarcomata have been described as the least malignant of all the 
gastric neoplasms Metastases are slow, usually limited, and local, though 
enormous nodules in the liver have been described 

There are no sex differences, the occurrence being about equal in males and 
females The fourth and fifth decades of life show the greatest incidence 

The sites of predilection are usually the curvatures, the greater first, 

’'"Read before the Eastern Radiologists, Washington, D C, February ii, 1939 Sub- 
mitted for publication April 3, 1939 
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followed in turn by the caidia and the lesser cuivatiiie The pyloius is no- 
toriously fi ee of involvement ” 

Theie is nothing pai ticularl}’- chaiacteiistic in the symptomatology of 
leiom} osai coma The symptoms may simulate those of ulcer, with pain as a 
predominant featuie, wdnch yields for a time to an ulcer regimen The dura- 
tion of symptoms is usually longer than m caicmoma However, the loss of 
weight and stiength is not pionounced, and nausea and vomiting are rarely 
pi esent 

On ph}sical examination, a mass is invariably palpable, which appeals to 
be out of piopoition to the patient’s status of health The tumois vary m 
size and masses w^eighing as much as 12 pounds have been leported® The 
size of the mass m 1 elation to the patient’s state of health is appaiently one 
distinguishing featuie, as m caicmoma greatei debility w^ould be pi esent with 
a mass of coi lespondmg size 

Roentgenologically, theie is no fixed lule wdnch may be employed m the 
diffeiential diagnosis Fluoioscopic examination offers the most mfoima- 
tion Under the scieen, movements of the gastiic w^all can be studied m rela- 
tion to the mass, and the mucosa can be examined foi pathologic involvement 
In the presence of a mass pioducmg a piessuie deformity without alteration 
111 the ph3^siologic movements, and wnth no or a very shallow ulceiation in 
propoi tioii to the size of the mass, one should be suspicious of a smooth muscle 
tumor 


CASE REPORTS 

Case I — W T C , female, age 62, married, was admitted to St Elizabeth’s Hospital, 
August 6, 1937, complaining of a fulness in the chest, a mass 111 the abdomen, and some 
loss of weight and appetite Her first symptoms had appeared two weeks before admis- 
sion Up to that time she had been feeling w'ell and appeared to be in excellent health 
except for the loss of nine pounds in weight during the previous six months Past and 
familj histones were essentially negative On physical examination, the patient was 
underweight (a small woman), dehydrated, and anemic There was definite lagging on 
the right side of the thorax with dulness below the scapula The left lung was negative 
The heart was displaced to the left and downward Blood pressure 120/80 

Abdominal examination showed a movable mass in the upper left abdomen which 
would descend with inspiration There were no enlarged lymph nodes in any part of the 
body The Wassermann test was negative Hemoglobin 65 per cent (Sahli), RBC 
3,300,000 The gastric contents showed an absence of free hydrochloric acid, and the 
combined acid was 20 to 24 

At a previous roentgenologic examination, the films of which were brought to the 
hospital with the patient, a diagnosis of a gastric carcinoma had been made A review of 
these films suggested that something other than carcinoma was present, and another ex- 
amination was advised On the second examination the stomach was found to be de- 
formed by an extragastric mass which apparently moved simultaneously with the stomach 
No irregularities were noted in the stomach wall or mucosa, except for a pressure defect 
on the lesser curvature and posteriorly The colon was similarly displaced (Fig i) The 
proximity of the tumor to the renal area suggested that it might have arisen there, so a 
urographic study was advised The left kidney demonstrated no distortion either intrinsi- 
cally or extnnsically 
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Roentgenologic examination of the lungs levealed the right lung field to be partially 
obscured by fluid There was no demonstrable evidence of metastases, and none could be 
found on a subsequent examination aftei the fluid had been withdrawn The pleural fluid 
was clear, and no cause foi its presence could be found cithei at that time oi later 

Opciation by Di J Shelton Horsley re\e.iled a large growth which was attached to 
the lessci cur\atuie of tlie stomach Because of its vasciilaiitr and the firmness of the 
attachment, a sleeve leseetion w'as deemed advisable 

Pathologic Exaininatwii G/ojf — liie specimen consisted of about tw'O-tliirds of the 
stomach wuth the growtli attached The grow'th iiivohcd tlie lesser curvature of the 



Fig 1 — Roentgenogram of i before operation, shoeing no imasion of 

mucosa oi ulcerntion 


stomach to which it was firmly attached It w^as bosselated, but the protrusions w^ere 
smooth and usuallj covered with peritoneum Some portions were j^ellow and others w'ere 
mahogany-colored It appeared to be a solid grow^th, although it was rather soft in places 
The growth measured 14x9x7 cm , and the entire specimen measured 12 cm along the 
lesser curvature and 18 cm along the greater curvature 

Inspection of the mucosa seemed to show that it was normal, except for a few small 
ecchymotic areas on the lesser curvature On section of the growth, the tumoi w'as solid, 
but was soft and had a brownish, granular-like appearance The mucosa was not adherent, 
but mo\ed freely and the growth seemed to have sprung from the muscular coat of the 
stomach (Fig 2) 

Mtci oscopic — The cells were quite long, wuth large, oval nuclei They were ar- 
ranged m palisades, and occasionally seemed to be grouped around the blood vessels The 

24 


•} °liinic j I ) 

'^"nibcri 

scam'j"'''' ''^P°c;,ro„, , ^ElQ^fy 

" 0 '^ -Zrr'^’ n„, 

•’"' -£:? -va. 

or flwrf of r,e„r„, « of „„^ ? 3 f f=a, /,„, "' ‘-mor "Show <> 

C«e 2 fe'o„, 3 J" ■ Wove, s, " 

r- B . fe,„a ,3 3 " fc,; '««. d„ t r7““-o™T 

"'=®- 'oo„„3„„ »Se ,s, ,„3 "ore 3„„ *mo„s,v3„ 

•■■ "«« ... ;.ev ;';* “."...ed to e 
, ^ “* «'..cl, ,,3]° a.aa6etto „ 

Prese„;'’4«oao,to,, 

severa; 

V 


,' 5 a.rcom e^_ 

) 


\ 



/ 

/ 


"■'■o'ova,,, y® o ".cnorvt <° .f o„t„ "«■* 

s:. ao„„, 

’ f/je 



HORSLEY AND BERGER 


Annals of Surcen 
J 1 > 19 4 0 


preceding case, showed no roentgenologic evidence of an infiltrating lesion, and no changes 
in the mucosa or peristaltic actlvlt^ Clinical Diagnosis Extrinsic tumor 

At operation by Dr J Shelton Horsle^, a large irregular tumor was found attached 
to the posterior wall of the stomach b} a broad pedicle The pedicle was clamped and the 
tumor was removed 

Pathologic Examination Gioss — The specimen consisted of a laige tumor which 
measuied 15x11 5x12 cm It was oval in shape and contained numerous bosselations 
over its surface There were numerous Ijmphatic adhesions over the surface, but the 
tumor had a very distinct pedicle vhich was attached to the stomach (Fig 4) The 
pedicle contained all lavers of the stomach except the mucosa, and obviously arose from 
the muscular lajcr On section, there was a small necrotic area m the lower anterior 
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portion, and the tissue seemed to be divided into lobules similar to those of a uteiine 
myoma 

Mici oscopic examination showed muscular tissue, the cells being spindle-shaped with 
ovoid nuclei The nuclei in this specimen were smaller than those in Case i and were 
hyperchromatic The acidophilic cytoplasm was more prominent in this tumor and there 
were fewer mitotic figures noted The cells weie arranged m circles, or columns, but 
there was no stroma separating the cell groups (Fig 5) The growth was not as vascular 
and contained several areas wheie the tissue had undergone necrosis which was probably 
due to lack of proper blood supply 

The patient made an uneventful recovery, and was well when last seen by her physi- 
cian a few weeks ago, six months after the operation 

Case 3 — This case is from the series of Dr F Mandeville, Professor of Roent- 
genology at the Medical College of Virginia The patient, L D , male, age 34, was 
admitted to the Alemonal Hospital, Richmond, Virginia, October 25, 1938, complaining 
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of a mass in the abdomen About four months previously be bad bad all of his teeth ex- 
tracted for p\orrbea, and soon afterwards he noticed a fulness in the abdomen which 
became paiticularly apparent after eating His capacity for food intake became greatly 
diminished, and about three weeks before admission he had noticed a nontender mass in 
the abdomen There had been occasional nausea and vomiting The tumor had gradu- 
alh increased in size since it was fiist noticed, and the patient had lost about 20 pounds in 
weight within the past few' months There w'as a history of neisserian infection in 1923, 
and of a chancie in 1931, for w'hich he received antiluetic treatment The family history 
was irrele\ant 

Plnsical eNamination repealed an undernoui ished, w'hite male There were no pal- 



TiG 4 — Drawing of gro«s specimen from Case 2 Note the small pedicle There was 
also no involvement of mucosa in this case 


pable lymph nodes The low'cr ribs on the left side w'eie prominent and flared outward 
The left upper quadrant of the abdomen presented a soft, nodular, elastic mass about the 
size of a grapefruit which was plainly visible The mass would descend on inspiration 
Hemoglobin 85 per cent, R B C 4,050,000 , W B C 6,700 

Roentgenologic examination showed the mass m this case to be considerably larger 
than m the tw'O former patients, but the findings were again quite similar The tumor in 
this instance w'as anterior, however, but it also involved the lesser curvature There was 
no evidence to suggest mural or mucosal involvement Although an area suspicious of 
ulceration was seen near the cardiac end of the stomach, this was not confirmed by gastro- 
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scopic examination (Fig 6) In tlie lung fields several small metastatic nodules were 
visible, and a large mass was found behind the heart and just above the elevated diaphragm 
P> copet a five Diagnosis Sarcoma 

At operation tlie size of tlic tumoi pi evented its removal It was partiailv filled with 
degenerated blood, and aftei evacuation it had a gelatinous appearance 

Microscopic examination of the tissue showed a picture similar to that seen in Cases 
I and 2, except for largei nuclei with less C 3 toplasm "I he entire structure was verj vas- 
cular and there were numerous blood cells m the interstitial spaces 



Fig 5 — Photomicrograph of section from Case 2 (X2so) 


The differential diagnosis in gastiic saicoma is difficult An intragastric 
leioinyosai coma would not be distinguishable fiom a polypoid lesion within 
the lumen The infiltiatmg vaiiety likewise would be difficult to diffeientiate 
fiom a linitis plastica type of stomach Caicinomata are faiily characteristic 
Lymphosarcoma may give a similai appeal ance Archei and Coopei® con- 
cluded that there is no single pathognomonic sign foi the latter Neither is 
theie any for leiomyosarcoma 

The cases desciibed are of inteiest because of the raiity of the tumor and 
the associated clinical featuies There is a wide lange in the age limit m this 
series and a considerable variation in the symptoms One thing is common to 
all thiee cases Each patient knew that a mass was present, one for several 
years, and the others for two and three rveeks All three had lost some 
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weight, pionounced in one, but not marked m the others The laboiatoiy data 
and the physical examination, outside of the mass, offer no distinct diagnostic 
feature Roentgenologically, the findings weie quite similar, showing a mass 
pioducmg deformities, two of which levealed no evidence of ulceration and 
one was only suspicious of mucosal iniasion Ulceration, if it occurs in 



Fig 6 — Roentgenogram of Case 3 Note normal lugae of gastric 

mucosa 

leioinyosai coma, is usually shallow and small in chaiactei, and theiefoie might 
easily be overlooked on roentgenologic examination 

Correlation of the signs, symptoms and roentgenologic findings in the three 
cases in this lepoit and those described in the liteiature, with diagnostic cri- 
teria in mind, leads us to believe that there is no single feature or group of 
findings upon which reliance may be placed A fairly long history, moderate 
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debility, palpable mass of variable size, with little roentgenologic evidence, 
except for piessure defoiinity on the gastric wall, may be applicable criteria 
foi the diagnosis of gastiic lei omyosai coma 
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Finney and Rieniiofe^ gave Schlattei ciedit foi having pei formed the 
hist successful total gastiectomy upon man, m 1897, demonstrating that anas- 
tomosis could be successfully accomplished between the esophagus and the 
jejunum They emphasized and uiged collect usage of the term “total gastrec- 
tom},” pointing out that this implies nothing shoit of complete removal of the 
stomach and that the lesected organ should show a portion of the esophagus 
on one end and a pait of the duodenum on the othei 

This operation affoids little hope foi a peimanent cine but it does pro- 
long life and adds mateiially to the patient’s comfoit The case herewith 
lepoited lived foi se\en months, the greatei pait of which was spent in com- 
foit Seaicli of the hteiatuie levealed that most of the patients subjected 
to total gastiectoiu} died within 18 months, yet Zikofif had a patient alive four 
3'ears and eight months aftei opeiation, that being the longest recoided 
peiiod after total gastiectomy Mayo, Allen^ and others leport patients hav- 
ing lived as long as foui years A model ately large number of successful 
cases that have lived as long as thiee yeais have been lepoited Many of these 
patients weie returned to vaiied useful activities and were spared an in- 
evitable earhei death only by having been subjected to the operation It is 
difficult to make an accuiate lepoit on the number of total gastrectomies that 
have been performed In lecent yeais, the operation has been attempted 
more fiequently but, undoubtedly, all cases have not been leported In 1933, 
Roeder"^ reported 88 cases of total gastiectomy which had been perfoimed up 
until that time This recoid included three cases of his own, and is possibly 
the most accuiate and compi ehensive study that has been presented There 
was a pi unary operative moilahty late of 50 pei cent among these 88 patients, 
the peicentage being based upon the patient living as long as two months 
after operation He leports only 44 successful cases of total gastiectomy 
Doctor Lahey^ reports eight total gastrectomies at his clinic, the last five of 
which have been successful 

Peritonitis and “shock” were predominating factors in eaily deaths ^ The 
peritonitis was more frecjuently the lesult of leakage than fiom soiling This 
can, quite leasonably, be avoided by proper utilization of the peritoneum sur- 
rounding the esophageal oiifice Adrian Verbiugghen® reported a study of the 
intramural extension of gastric caicinoma cells, and showed that at least four 

"^Read before the Philadelphia Academy of Surgery, January 16, 1939 Submitted for 
publication March 17, 1939 
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centimeters of appaiently healthy stomach beyond the limits of the lesion 
should be lemoved with the primaiy growth To follow this procedure in 
caicmoma oi suspicious ulceis, would necessitate complete lemoval of the 
stomach m many cases of lessei cuivature involvement Wide lesection is 
impoitant to secuie a sound aiea foi anastomosis In the case herewith re- 
poited, the lower part of the esophagus was infiltrated with the cancer and 
the thoiacic esophagus had to be diawn downwaid about seven centimeteis in 
oidei to secuie a healthy aiea for anastomosis One of our cases of subtotal 
lesection for gastiic caicmoma of the lessei cuivature and posterior wall died 
15 days following opeiation because of degeneiation of the tissue and leakage 
of the posteiioi suture line At autopsy, we concluded that total gastrectomy 
should have been peifoimed and would have afiforded a greater opportunity 
foi success 

Hemoiihage piobabl}'’ accounted foi some of the deaths attributed to 
“shock ” A pulmonary complication in these patients of minimal lesistance 
piactically lemoves hope for a favoiable lesult The use of a high spinal 
analgesic with a piolonged action greatly enhances the possibility of success 
and aids in avoiding shock and pulmonaiy complications We weie able to 
maintain oui patient in satisfactoiy condition tbroughout opeiation by giving 
adequate amounts of glucose in normal saline by continuous venoclysis We 
believe this to have a definite place dining such opeiations 

Recurrence of the malignancy is responsible foi most of the deaths subse- 
quent to opeiation '* Oui patient died seven months after opeiation from this 
cause Anemia can be prevented and seems to piesent no special pioblem 
Our patient was found to have a greater numbei of erythiocytes seven months 
after gastiectomy than she had beforehand She had leceived onty one blood 
transfusion of 400 cc , and that postopeiatively, and at intervals had been 
given iron, liver and hydiochlonc acid 

Case Report — I W , female, age 63, was referred to Doctor Lemmon’s Service at 
the Bellevue Hospital, Camden, N J , bv Dr Maurice Baker on May 5, 1938 Her com- 
plaints began about six months previously, when she noticed some difficulty in swallowing 
Nausea and vomiting occurred intermittently for a time but for the three weeks preceding 
admission had been persistent, even after taking water She had been troubled with a 
vague and painful discomfort across the epigastrium but, strangely, was free of distress 
on admission Since December, 1937, she had lost 22 pounds in weight and now felt very 
weak and tiied Her mental attitude was poor 

Studies revealed 4,070,000 red cells, leukocytes 9000, hemoglobin 90 per cent The 
urine was alkaline and showed a faint trace of albumin An earlier gastric analysis, 
made by Doctor Baker, showed total acidity 7, free hydrochloric acid 3, blood absent 
A mass was palpable in the epigastrium A roentgenologic diagnosis of extensive gastric 
carcinoma (Fig i) was made March 3, 1938, by Dr E E Downs 

Opeiation — May 7, 1938 Under spinal analgesia (200 mg novocain in second 
lumbar interspace) the abdomen was opened through an upper right rectus incision 
Exploration showed the stomach to be completely involved wnth carcinoma of the hnitis 
plastica type The lymph nodes along the curvatures were not palpable No evidence of 
metastasis to the liver, spleen or elsew'here was seen or felt Total gastrectomy was elected 
as the only procedure offering the patient any hope of temporary or permanent relief 
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Opctaiivc Piotcduic — Tlie blood supply was doubly ligated on both curvatures, be- 
ginning at the duodenum and extending to the esophagus, leaMng as much omentum as 
possible attached to the stomach, m older to include the regional lymph nodes The freed 
and mobilized first portion of the duodenum was dnided between clamps with cautery The 
distal end i\as iinagmatcd with a Connell stitch follow'cd by purse-string sutures and 
reinforced bi an omental giaft 

The free distal portion of the stomach was covered wuth gauze and traction made 
downward -V flap of peritoneum was reflected from the diaphragmatic surface anterior 
to the esophagus, to be used latei m the anastomosis At this time the lowermost part 



Tic I — Rociitgenognm si\ weeks before operation, sliowing extensive imohement of 

the stomach bj carcinonn 


of the esophagus w^as found to be infiltrated by the lesion About seven centimeters of the 
thoracic esophagus w'as drawn downw-ard and freed, care being taken to avoid injury 
to the vagi nerves, the esophageal vessels and pleura By traction on and rotation upward 
of the stomach, the posterior w-all of the esophagus w'as exposed A loop of jejunum 
about tw'o feet from the duodenojejunal junction was selected and carried upward, in 
front of the colon, and brought m apposition wuth the posterior wall of the esophagus and 
fixed to It by several interrupted linen sutures which were so placed as to maintain the 
normal caliber of its lumen A continuous linen suture was inserted approximating the 
esophagus and jejunum The field was carefully packed off with gauze and the esophagus 
was incised parallel with one-half centimeter from the suture line, the contents being 
carefully aspirated as soon as the esophagus was opened An opening of equal size was 
made in the jejunum A posterior row of continuous locked sutures of No o chromic 
catgut was inserted, approximating the posterior mucosal edges Several interrupted 
sutures were used to secure hemostasis The remaining anterior wall of the esophagus 
w'as divided, removing the stomach The anterior edges were approximated with a Connell 
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stitch, this suture being a continuation of the inner, posterior row of sutures The outer 
or posterior continuous suture was then continued anteriorly forming the second or outer 
anterior row The previously reflected peritoneal flap was now sutured, by interrupted 
stitches, to the jejunum at the line of anastomosis This gave a serosa-to-serosa apposition 
The jejunum, on each side of the anastomosis, was fixed to the parietal peritoneum by in- 
terrupted linen sutures, thereby relieving tension on the anastomosis 

A jejunojej unostomy was performed about 14 inches from the anastomosis The 
abdomen was closed in layers without drainage 

The operation was begun at 9 15 am and ended at 12 15 pm She received as a 

supplement to the spinal analgesic, which 








g was efifective for one hour and 15 minutes, 

ounces of ether by open drop During 
course of the operation she had 2,000 
* cc 10 per cent glucose by venoclysis Her 

condition was good throughout the opera- 
operating table with a 
pulse of no, respiration 32, blood pressure 

Pathologic Eramtnatwn — Gioss Dr 

B L Crawford “Specimen consists of en- 

»« ig stomach which has been fixed, and 

Tig 2 — Photonucrognph of a section of the measures 16 cm from cardia to pylorus, 

stomach showintr adenocarcinonn of the hnitis . 

phstica tjpe The infiltration of the tanous la> along the lesser curvature The wall IS 

er^s^of the stomach hj cancerous cells can be seen markedly thickened and indurated, the wall 

averaging from i 5 to 2 cm in thickness 

The mucosa is thickened and thrown into folds No definite ulceration is observed There 

are several, slightly enlarged, firm lymph nodes, attached to the fat on the external 

surface 

Histologicallv, sections from the wall of the stomach reveal a diffuse infiltration of 
all the coats by clumps of epithelial cells and also extensive inflammatory reaction and 




Tig 2 — Photonucrognph of a section of the 
stomach showintr adenocarcinonn of the linitis 
phstica tjpe The infiltration of the tanous la> 
ers of the stomach bj cancerous cells can be seen 
(X7) 



Pig 3 — Photomicrograph showing the in Fic 4 — Photomicrograph of a regional 

vasive infiltrating nature of the cells in the Ijmph node showing metastasis (Xioo) 

Iinitis plastica type of adenocarcinoma (Xioo) 


fibrosis The mucosa is not completely destroyed in most areas, but is largely replaced 
by the infiltrating tumor cells The tumor cells also replace much of the musculature 
The enlarged lymph nodes contain many clumps of infiltrating epithelial cells 

Pathologic Diagnosis Diffuse adenocarcinoma of the stomach, leather-bottle type, 
with metastasis to the regional lymph nodes (Figs 2, 3 and 4) 

34 



Volume 112 
Is umber 1 


TOTAL GASTRECTOMY 


The patient had a strikingly smooth convalescence, her fluid balance and nourishment 
being maintained by venoclysis and one blood transfusion of 400 cc of citrated blood On 
the fourth day she took fluids by mouth On the sixth day she was given semisoft food 
with no ill effect She was discharged on the twentieth postoperative day, having repeated 
hunger sensations which were satisfied by frequent, small feedings of a varied diet which 
caused no digestive distress 


r 
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Fig 5 — Roentgenogram made five months after gastrectomy Barium can be seen m the 

esophagus and upper small bowel 

Subsequent Couise — At home, she gained eight pounds and performed household 
duties Anemia was controlled by administration of liver, iron and hydrochloric acid In 
September, 1938, she began to complain again of difficulty in swallowing and on Septem- 
ber 20, Dr Louis H Clerf, at the Jefferson Hospital, inspected the esophagus He found 
that it “appeared normal until the lower end was reached , at this point the mucosa was in- 
flamed , along the anterior and left lateral wall it was moderately edematous and thick- 
ened No ulceration observed Nothing found to suggest neoplasm The lumen was 
narrowed but with the aid of a bougie it was possible to pass an esophagoscope which had 
an external diameter of about one centimeter The mucosa of the food passageway beyond 
the end of the esophagus was intensely red ” He remarked, “The narrowing may be 
due to malignancy or cicatricial changes There was nothing noted, however, to suggest 
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tliat the process was malignant in origin I would suggest that dilatation be carried out 
at intervals of one to two weeks for a time using an olive-tipped bougie passed over a 
picviously sw'allow'cd string” This narrow'ing responded to dilatation Roentgenologic 
examination at this time revealed a functioning stoma without obstruction (Fig 5) Dil- 
atation was done at intervals wnth relief, but in late November, 1938, w'hen she w'as unable 
to retain anj thing by mouth, a second operation w'as necessarj 

On her second admission, she had lost more w'cight than she had gained Her skin 
W'as drj and loose from marked dehvdration and malnutrition Erythrocytes 4,200,000, 
leukocytes 14,200, hemoglobin 81 per cent After four 400 cc blood transfusions, she had 
an erjthrocyte count of 4,760,000 and a hemoglobin of 90 per cent She had also received 
a considerable amount of glucose and fluids bj' \cnocl\sis to combat dehydration and aid 
nutrition 

The second operation, December 4, 1938, revealed diffuse metastatic carcinomatosis 
with multiple intestinal obstructions The liver, even now, showed little involvement 
grossly A jejunostomj was performed The patient died, December 7, 1938, sev'en 
months after the remov'al of her stomach 

We believe, with Dr Frank H Lahey, of Boston, that the propei con- 
seivation and utilization of the peiitoneal flaps adjacent to the esophagus is 
one of the most important factors in pi eventing leakage at the site of 
anastomosis We wish to call attention to the sustained noimal erytlnocyte 
count It IS of interest to note that this unanticipated opeiation was pei- 
foimed through a light rectus incision, that no Levine tube was employed 
either during or after operation, due to the patient’s absolute lefusal to have 
It passed, that the anastomosis was accomplished without clamps, that no 
jejunostomy w'as performed, and that it w’as the opeiator’s first complete 
gastrectom)'- The patient was comfoi table and entirely fiee of complaints 
foi a period of six months during which she enjoyed eating, gained weight 
and had a useful existence 
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PART TWO 

Tiaumatic Pej jo) ahon of Stomach and Duodenum — In our senes, there 
was onl}'- one case of tiaumatic percutaneous perforation of the stomach This 
occuired in a Avoman, age 31, who shot heiself through the epigastrium m 
an attempted suicide She Avas admitted to the hospital but died before she 
could be opeiated upon Autopsy levealed an hemoperitoneum with retio- 
peiitoneal hemorrhage, tearing of the livei, perforation of the stomach and 
laceiation of the pancreas, spleen and left kidney 

If patients do not succumb immediately to exteinal injuiy with shock and 
hemori hage, they must be considered as a sui gical emergency, and an explora- 
toiy celiotomy must be pei formed immediately 

Retroperitoneal lupture of the duodenum, after external violence to the 
uppei abdomen, must be included in the differential diagnosis The clinical 
picture diffeis from inti apei itoneal rupture, and a thorough exploration of 
the duodenum is indicated The moitahty is high if the perforation is not 
closed early Frost and Guy^*^ repoited two cases of multiple perforations of 
the duodenum One Avas caused by external violence and w^as unrecognized at 
the time of operation, the other was the perfoiation of sepaiate duodenal 
ulcers, which peifoiated either simultaneously or wuthm a period of eight 
hours At operation, the second opening was discovered because of the 
persistent leakage of fluid aftei the closuie of the first perforation 

In our series there weie t\vo patients, each of whom had two duodenal 
ulcers One case had two perfoiations of separate ulcers, 22 months apart 
Another case died after opeiation and at autopsy showed a diverticulum of 
the duodenum and twm ulcers, one of which had perforated Diffuse pei itomtis 
was present 

Perforation or the Small Intestine — The mortality of perforation of 
the small intestine is high In our series of 16 cases, ten died (62 5 per cent) 
and SIX recovered Intestinal lupture occurs by crushing, tearing or bin sting 
of the intestine Crushing occurs by a blow against the abdominal wall with 
crushing of the intestine against a fixed structuie Tearing is caused by a 
tangential blow which severs the intestine from its attachements, the teai 
going into the bow^el or into the mesentery Bursting is due to fluid or gas 
caught m the boAvel as m a strangulated hernia Perforation can also result 

Read before The New York Surgical Societ}^ March i, 1939 Submitted for pub- 
lication February 12, 1939 
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from the erosion of an inflammatory process such as an ulcer (tuberculous, 
typhoid, maiginal or simple) or segmental enteritis or diverticulitis Typhoid 
fever ulcers of the small intestine may perfoiate with sudden onset and all 
signs of an acute emeigency The nine pathologic conditions pieceding per- 
foration in oui senes aie listed in Table XXVI 


Table XXVI 

ETIOLOGIC FACTORS OF PERFORATIONS OF THE SMALL INTESTINE 


Disease 

Cases 

Operation 

Result 

Cause of Death 

Autopsy 

Tuberculous ulcer 

2 

1 Suture 

Died 2 

Peritonitis 2 

2 

Typhoid ulcer 

2 

I Suture 

Died 2 

Peritonitis and disease 

I 

Marginal ulcer 

2 

2 

Cured 2 



Strangulated hernia 

I 

I 

Died I 

Peritonitis 


Jejunal ulcer 

I 

I 

Died I 

Peritonitis 

I 

Diverticulitis 

I 

I 

Died I 

Peritonitis 

I 

Meckel’s diverticulum 

I 

I 

Cured i 



Segmental enteritis 

2 

2 

Died I 
Cured 1 

Peritonitis 

I 

Traumatism 

4 

3 

Died 2 
Cured 2 

Peritonitis 

2 

Totals 

16 

13 10 Died, 6 Cured Mortality 62 5% 

8 


Abbrdviated Case Rfports of Perforations or the Small Intestine 
Pcifoiattou of Tiibct culous UIcos 

Case I — P B, age 64, had liad signs of piilnionarv tuberculosis with shortness of 
breath for two years, and pleurisy He was admitted to the hospital with a possible 
diagnosis of lung tumor which was confirmed by bronchoscopy The patient went steadily 
dow'iihill and died ten dajs after admission The autopsy findings were active pulmonary 
tuberculosis, pneumonia of the riglit lower lobe, mjocardial degeneration, marked tuber- 
culous enterocolitis and perforation of a tuberculous ulcer of the ileum, one inch from the 
ileocecal valve 

Case 2 — C L , age 76, had been operated upon for an appendiceal abscess nine 
months before admission The appendix was removed and an opening in the ileum w'as 
c'osed, and the operative wound never healed He was admitted later, w'lth the com- 
plaint that his bowels had not moved for eight days The abdomen w'as distended and 
tender He was operated upon for a diffuse peritonitis, with closure of a perforation of 
the ileum He died the day following admission and at autopsy a tuberculous enteritis 
with perforation was found with a fibrinopurulent peritonitis 

Perforation of Typhoid Ulcers 

Case 3 — H F, age 36, had been ill for three weeks with typhoid fever The night 
before admission he suddenly experienced severe pain in the left lumbar region radiating 
to the right lower quadrant, due to peiforation The temperature was 102 2°F, pulse 80, 
W B C 7,600, polymorphonuclear leukocytes 62, eosinophils i At operation, the last 
six to eight feet of the small intestine were found to be red, with a granular surface Two 
perforations, 18 inches from the ileocecal valve, were closed with purse-string sutures A 
number of other bluish, indurated areas were seen in the lower ileum and cecum The 
patient died on the fifth postoperative day, with a temperature of 107 2°F , and a pulse of 
150 

Case 4 — H G , age 33, six days before admission had had a severe attack of head- 
ache On the third day of his illness he had a severe epistaxis On admission, his ab- 
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domen was slightly distended, soft and tender The liver and spleen were not palpable 
Four days after admission he had a severe intestinal hemorrhage Three days later 
there was suspicion of a perforation A surgical consultation was held but it was thought 
that no perforation was present The patient died ten days after admission Autopsy 
showed perforation of the ileum, four inches from the ileocecal valve 

Pdjotation of Mmginal Jejttnal Ulcei 

Case 5 — P O , age 44, suddenly experienced severe pain in the epigastrium which 
continued for six hours, until admission Two and one-half years previously, he had had 
simple closure and gastro-enterostomy for a perforated gastric ulcer He had pain 
after eating On admission, there was rigidity of the upper abdomen, absence of liver 
dulness, and a diagnosis of perforated ulcer was made At operation, there was 
greenish, turbid fluid and gas in the abdomen A perforation of the jejunum just opposite 
the gastro-enterostomy was found This was closed and the patient made an uneventful 
recover}" 

Case 6 — J O , age 43, had “stomach trouble” for ten years He had had a per- 
forated gastric ulcer which was operated upon elsewhere Upon admission, a posterior 
gastro-enterostom}" was performed, and a mass of scar tissue was found at the pylorus, 
adherent to the liver and infiltrating the pancreas Roentgenologic examination had 
shown no evidence of retention Following this, he was well for eight and one-half years, 
when he developed hunger pain, which continued to disturb him for 18 months Sixteen 
hours before admission, he felt a severe “doubhng-up” pain all over the abdomen On 
admission, the abdomen was distended and board-hke At operation, purulent material 
was found in the peritoneal cavity A perforated jejunal ulcer was found at the site of 
the gastro-enterostomy which had to be separated An end-to-end anastomosis of 
the jejunum was performed A jejunocohc fistula was also repaired As the pylorus was 
open — this was demonstrated by passing a finger through it — the stomach was closed 
Recover} was uneventful, but the patient died five months later from pulmonary tuber- 
culosis 

Pofoiation of a Strangulated Hernia 

Case 7 — D C , female, age 54, had a femoral hernia for 20 years This became 
strangulated a few hours before admission She was operated upon immediately and 
perforation of the ileum, with generalized peritonitis, was found The loop of intestine 
was exteriorized and the abdomen drained, but the patient died 12 hours later 

Perforated Jejunal Ulcer 

Case 8 — M R, male, age 55, had diarrhea for ii months, passing ten to 20 
stools daily He had lost 35 to 45 pounds in weight, and had been weak for the past 
seven months, during which time he had an occasional fever up to I04°F There was pain 
m the right upper chest of seven weeks’ duration Cholecystostomy had been performed 
m 1928, at which time diabetes developed Three years later cholecystectomy was per- 
formed A provisional diagnosis of colitis and possible pernicious anemia, was made 
The hemoglobin was 30 per cent, R B C 1,500,000, W B C 4,200 The polymorpho- 
nuclear leukocytes were 52 per cent The spleen was palpable Sepsis was suspected 
The patient had high temperature 

One month after admission to the Medical Service, he developed an acute abdomen, 
which suggested perforation He was operated upon and a large perforation of the small 
bowel was discovered The abdomen was drained but the patient died 

At autopsy there were a number of interesting findings Mesenteric thrombosis with 
pulmonary emboli, acute congestion of the lungs, spontaneous perforation of the jejunum 
with generalized peritonitis , acute enterocolitis , marked lymphoid hyperplasia of the 
jejunum and ileum Plaques were found in the first three feet of the small intestines Six 
inches from the duodenojejunal juncture a perforation was found, probably of one of 
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the plaques seen on the mucous membrane of the intestine Microscopic examination 
showed marked proliferation of the reticulum of the Ij mph follicles with almost complete 
destruction of the normal architecture, and scattered throughout were larger and smaller, 
irregular giant cells, usually with a single nucleus The dominant cells remained as 
a small Ij mphoc} te Patches of similar histologic character were found on the serosa of 
the small intestine There were peritoneal and mediastinal Ijmph nodes — the same his- 
tologic picture as described m the intestine— with destrojed normal architecture and 
marked increase of the reticulum Here and there were smaller areas of necrosis and the 
presence of giant cells that did not resemble Dorothy Reed cells Scattered throughout 
the nodes were vascular thrombi, some recent, some of longer duration Areas of coagu- 
lation necrosis were in close proximit}’’ to these vascular thrombi 

Gerstei^^ lecently published an exhaustive study of 128 leported cases of 
jejunal diverticula found in the hteratuie This article was written on the 
basis of a case which he had opeiated upon and which is included in our 
series, absti acted and reported herewith 

Pci foiattoti Due to Dtvci Itculilts 

Case 9 — T A, age 51, w'as seized with severe pain m the low'er abdomen on the 
day of admission There was rigiditj throughout the entire abdomen and tenderness 
mainly in the left lower quadrant Temperature 1024°, pulse 100, W B C 8,400, and 
78 per cent polymorphonuclear leukocjtes At the time of operation a loop of jejunum 
w'as found about 12 inches from the duodenojejunal juncture, which was apparentlj the 
cause of the peritonitis In this portion there were eight distinct diverticula w'lth no 
gross evidence of perforation, at the time of operation At autopsy, howe\er, perforation 
of the low’crmost diverticulum, at the right-hand side of the mesenterj, w'as found There 
were six diverticula, measuring from 3 to 6 5 cm , three on the left and three on the right 
side of the mesenterj, the total area representing 80 cm of the small intestine There 
was acute dilatation of the stomach, duodenum and jejunum as far as the region of the 
perforation 

Pcifoialioii of Mcchets Divci ttculum 

Case 10 — R K, age 27, had generalized abdominal cramps for six hours, with 
vomiting, fulness in the abdomen and cramp-like pains every 30 minutes The bowels had 
moved There was spasm and tenderness 2 cm below AIcBurnej’s point W B C 
15,000, po per cent polymorphonuclear leukocytes, temperature 1002° The patient was 
observed with an uncertain diagnosis The leukocytes dropped to 7,000 but the polv- 
morphonuclear count remained at 90 per cent Roentgenologic examination of the abdo- 
men showed signs of obstruction The patient was operated upon the third day after ad- 
mission and a perforated Meckel’s diverticulum was found, with intestinal strangulation 
due to a ring formed bj the diverticulum and a band The patient had a very serious and 
stormy convalescence, complicated by pneumonia, but eventually recovered 

Peifoiation Due to Segmental Ententis 

Case II — A D, age 54, had three attacks of abdominal pain, with loss of 
weight and blood in the stool during the past two jears One w'eek before admission, he 
suffered another attack, in which the abdomen became rigid and moderately distended 
There was marked tenderness in the left lower quadrant and a sausage-hke mass could 
be felt in the lower abdomen W B C 7,000, polj'morphonuclear leukocytes 79 per cent, 
temperature 1026° F , pulse 144 At operation, a small perforation of the ileum was 
found approximately 6 cm from the ileocecal valve, where there was a gangrenous 
area about 4 cm in length This area was drained, but the patient died two days after 
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operation Autops}' revealed segmental enteritis, measuring 35 cm m length, proximal 
to the ileocecal valve 

Case 12 — W W , age 28, had been admitted two years previously, for an ulcer of 
the stomach, having had abdominal symptoms for three years Two days before the 
present admission, he had severe, generalized lower abdominal pain The lower abdomen 
Avas slighth" tender, most marked in the right loAver quadrant W B C 19,400, 87 per 
cent polymorphonuclear leukocytes , temperature 99 6°F , pulse 88 At operation, all the 
organs m the pelvis Avere found A^ery adherent There was a tumor mass 6x4 cm , but 
no gross perforation could be discovered, although an infiltration was present at the site 
of the tumor mass in the small intestine, Avhich AA'as drained Roentgenologic examination 
had shoAvn segmental enteritis for the terminal 12 inches of the small intestine (Fig 5) 
The patient made a satisfactory recover}’' A secondary ileocolostomy Avas performed six 
AAceks after drainage of the peritoneal abscess, folloAving aa'IucIi the patient made a satis- 
factory recoA’er} 

T 7 aumatic Pojo) ation — Subcutaneous injuiies of the abdomen occui in 
the folloAving oidei of frequency Liver, spleen, kidneys, intestine, stomach, 
bladder and panel eas The intestine was invoh^ed mill per cent of all cases 
111 Geill’s senes'^- In chddien, peiforations of the small intestine are not 
A^ery common Beekman^^ lepoited two cases, occui ring in 59 children ad- 
mitted to Bellevue Hospital with abdominal mjuiy Siegel^*^ studied 376 
cases, ill Avliom operation had been peifoinied, and shoAved that the mortality 
increased as the time betAAcen iiijuiy and opei ation increased, namely, 152 
per cent aa itliiii the fii st foiii hotii s , 44 4 per cent Avithin five to eight hours , 
63 6 per cent AVithin nine to 12 liouis, and 70 per cent after 12 hours 

Treatment of the initial shock is of the utmost importance Counselloi^^ 
advises administering 6 per cent solution of acacia intravenously Leakage 
from small intestinal peifoi ation in the early hours is lare and, therefoie, 
peiitonitis does not occui eaily Lack of peristalsis and contracture of the 
circular muscle fibeis and prolapse of the mucous membiane act as a plug 
to the perforation If the patient is m shock, tieatment should be first insti- 
tuted for shock and then operation peifoimed If there is no shock, operation 
should he performed eaily, and should be as simple as possible Long resec- 
tions of the intestine should he avoided The intestine should be examined 
foi Its entire length, staitmg at some fixed point, such as the ileocecal legioii 
InloAv^® has shoAvn that perforations of the small intestine folloAving tiauma 
ma}’- occur late 

Secondary perfoi ation lesults fiom the neciosis and sloughing of an area 
of the intestinal Avail on the antimesentei ic hoidei Avhich has been contused, 
geneially, either from a direct bloAv ovei the midpoition of the abdomen or 
from crushing Intestinal distention is a contributing factor Peiforation 
OCCUI s most fiequently about tAvo Aveeks aftei the injury The initial symptoms 
are those of abdominal tiauma in geneial Aftei appaient lecovery, there 
aie symptoms m the intei mediate stage suggesting the possibility of late 
peiforation These aie recuning pain and tenderness, vomiting, meteonsm, 
diarrhea, and blood 111 the stool The pain of the perfoi ation is similar to that 
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accompanying a peifoiatecl gastiic ulcer A fulminating and lapidly fatal 
peiitonitis lesults The piognosis of simple intestinal contusion is good Most 
heal without being diagnosed When neciosis occuis, howevci, all repoited 



Fig 5 — Case 12, W W Roentgenogrram showing terminal ileitis which Ind perforated 


cases have pi oven fatal The initial tieatment is that of abdominal trauma 
in general If visceral injury is suspected, exploiation should be perfoinied 
at once Aieas of contusion should be protected by being turned in, if very 
small , 01 covei ed with omentum or sutured to the parietal pei itoneum, if 
laige Piimaiy resection is requiied only occasionally In the intermediate 
stage, perforation may be guaided against by careful dietary regimen with 
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periods of absolute withdiawal of food if necessary Patients should be kept 
in the hospital until the critical period is past 

In our own series theie weie fotii cases of tiaumatic ruptuie of the small 
intestine Thiee weie opeiated upon, two lecoveied and one died The fourth 
case was discovered at autopsy Both cases that died weie autopsied 

Tiaumatic Pcifoiation of Intestine 

Case 13 — T AI , age 21, was thrown from the end of a truck ten minutes before 
admission to the hospital The abdomen struck against the tail board of the truck The 
patient was m acute pain There was rigidity of the abdomen and exquisite tenderness, 
especially on the left side He was operated upon immediateb^ and a perforation of the 
ileum was found, the size of a dime The perforation was sutured, the abdomen closed, 
and the patient made an uneventful recovery 

Case 14 — C B , age 23 while playing ball, half an hour before admission, ran into 
a stone stoop, hitting abdomen and head He fell to the ground On attempting to rise, 
he fell again, aware of a dull heavy pain in the abdomen and a desire to move the bowels 
He was admitted 30 minutes later He was m acute pain and in shock Respirations 
were rapid and labored , pulse 124 There was abdominal rigidit}’- and tenderness to the 
left of the umbilicus There was flatness on percussion of the entire left side and lumbar 
gutter, with no apparent movement on respiration There was a small skin contusion 
to the left of the umbilicus Catheterization show'ed clear mine Rectal examination was 
negatne W B C 14,000, polymorphonuclears 88 per cent, temperature, 99 2°F , pulse 
120 As soon as the patient had overcome the initial shock, he was operated upon The 
pelvis w'as found full of semifluid blood Fibrin w^as present on the surface of the coils 
of the small intestine wdneh were covered by omentum When this was turned upward, 
a tear in the intestine on the left side of the abdomen was found, one-half inch long, op- 
posite the mesenteric attachment This was sutured in two layers, the abdomen was 
closed, and the patient made an uneventful recovery 

Case 15 — F G , age 18, w'as admitted in coma, having been struck by a taxicab 
w'hile roller skating He was in shock There was a laceration of the right supra-orbital 
region and multiple contusions of the right side of the abdomen, subconjunctival hem- 
orrhage of the right eye, and no abdominal rigidity A spinal tap was done and blood 
found The patient died 24 hours after admission with a temperature of I05°F, pulse 130 
At autopsy, a contusion and abrasion were found in the right groin There was a sup- 
purative peritonitis The intestines were perforated m four places over an area one and 
one-half feet long The perforations measured from 0 5 to 15 inches in length, and were 
near the mesentery or opposite it Cause of Death Ruptured intestine and acute, sup- 
purative peritonitis 

Case 16 — J S , age 42, w^as hit by a taxicab and thrown to the ground He was 
brought to the hospital unconscious There were areas of ecchymoses, three inches 111 
diameter, around the umbilicus Operation was performed and free blood and clots were 
found m the peritoneal cavity Thirty inches of the small intestine w^ere torn away from 
the mesentery This began three inches from the ileocecal junction, and at another point, 
considerably higher up, a tear was found opening into the intestinal lumen Both areas 
were resected An ileocecostomy and an entero-enterostom}’^ were performed The pa- 
tient died two days after operation, with a high temperature At autopsy the cause of 
death was laceration of the mesentery, acute suppurative peritonitis and bronchopneumonia 

Intestinal Pei joi ation Due to Caicmoma — Peiforatioii n£ gastio-intestinal 
malignancies can hardly be classed as an emergency, since it is usually known 
that the patient is suffering from carcinoma Perforation occurs late in the 
course of the disease and death invariably follows We had four cases of this 
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type and autopsy in each instance pioved the diagnosis of peifoiation of a 
malignant tiiinoi One case occuned a yeai aftci the successful lesection of 
an esophageal caicinoma Thcic was iccuiience in the lowci stump, at the 
stomach, with peifoiation into the ])ciiloneal caMty Anothei case of lecuiient 
caicinoma of the stomach and colon had signs of obstruction A cecostomy 
was peifoimed and at autopsy a i^eifoiation of the tumoi of the tiansveise 
colon was demonstiated One othei case of peifoiation of a carcinoma of the 
lectum, with peiitonitis, was pi oven at autopsy The fouith case w'as one of 
caicinoma of the sigmoid, with lesulting peiitonitis It w'as diained At 
autopsy, multiple peifoiations of the sigmoid w'eie demonstrated wuth involve- 
ment of the small intestine Occasionally it may lie possible that a tiiinoi 
may peifoiale w'lthout pievious knowdedge of its piesence 

Tuinei*' leports an unusual case of peifoiation of a caicinoma of the 
jejunum 

Case Report — Doctoi Turner ■*" The patitiif a worn in ate 65, Ii ul Ind recuircnt colicl \ itt icks 
of pun foi si\ months 1 liese occurred it irrcf,uHr inter\als and were not accompanied hj aoniiUns. 
She hid lost some weiplit fhen she experienced sudden se\ere pain“on the left side iccompaiued hj 
\oniitint, rile left ahdonien was rigid and tender On admission, no swelling could he ipprecuted 
Pulse S4, temperature 994° P Chiucal Dtannosit Urinarj calculus Roentgenologic study was how 
eiei negatue Vomiting recurred and the ahdonien hecaine rigid Under anesthesia a mass could he 
felt III the left lower quadrant Carcinoma of the colon or diierticulitis was suspected At operilion 
|ius escaped and a caicinoma of the jejunum, eight inches bejoiid the duodenojejunal flexure was 
found, which has perforated 

Pei foi at ions of Intestine Due to Szvallozving of a Foi eign Body — Pei foia- 
tions of the small intestine clue to the swallowung of a foreign body aie laic 
Open safety pins fiequently pass thiough the intestines of childien without 
causing perfoiation People at times wulfully sw^allow foreign bodies, othei s 
aie sw^allowed unknowingly Fish bones can cause tiouble, and pelvic colon 
peifoiation fiom fish bones can occui, and cause peritonitis, but aie not of 
fi ecjuent occui i ence 

Colon Perforations — Peifoiation of the colon is as fiequent in the female 
as in the male The mortality is highei than in peifoiation of the stomach oi 
duodenum, due to the gieatei infectiousness of the colonic content Zim- 
meiman,^® Atwell, and Allan"*® repoit cases of lupture of the colon by ex- 
ternal violence Titoiier"**^ gives the histoiy of a case m wdiich the colon w'as 
completely sepai ated from the rectum by external violence W oodbury'*" 
reports an instance in which a girl, age 14, fell seven 01 eight feet directly upon 
an eiect stake The tubeiosity was fiist struck, and then the stake passed 
into the anus, up the lectum for two inches, through the rectal w^all and then 
through the body in an oblique dii ection Striking the ribs near the left nipple, 
it fractuied thiee, and then made its exit The stake was thiee inches in 
circumfei ence Twenty-seven inches of its length passed into the body, six 
or seven inches merging from the chest The girl recovered so rapidly that 
she returned to school six wrecks later * 

* Robert T Morns’*® reported a case of compression perforation of the colon with five 
openings He gathered all five openings around a central, large wick dram with catgut, 
and made no attempt at closure The patient recovered 
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Exclusive of violent iiijuiy, the thiee most fiequent causes of perfoiation 
of the lai ge intestine ai e di vei ticulitis, chronic ulcei ative colitis and carcinoma 
Bargen and Cox'^^ have lepoited 50 cases m which perforation was caused by 
diveiticuhtis or caicinoma Zengei ling"*^ cites the instance of an aitificial per- 
foration of the lectum following lectoscopy, and states that Menegaux, m 
1933, collected ten cases of perfoiation of the rectum following rectoscopy 
Five died He, himself, lepoits the following case 

Case Report — Doctor Zengerling The patient, a male, age 62 , had a rectoscopj performed at ii 
A M , avhich a^as a era painful Shortla after midnight the patient aaas brought into the hospital avith only 
slight pain Roentgenologic findings indicated an injur> to the intestines Operation avas performed 
24 hours after the trauma Loops of small intestine aaere located m the lesser pelvis, covered aaith a 
clouda fluid Thej aaere pushed forward and a large amount of fecal fluid escaped from the lesser 
pelais, flowing from the ileocecal region toward the root of the mesentery The rectum and culdesac 
had fibnnopurulent deposits At the bottom of the culdesac there avere taao to three tablespoonfuls of 
purulent, broaanish fluid In the region of the pelaic colon, a rupture, 2 cm long, aaas aasible on the 
anterior aspect of the rectum to the left of the midline The borders aaere not bleeding Fecal matter 
aaas aisible betaaeen them After cleansing the lesser pelais, the peifoiation aa'as closed avith tavo layers 
of sutures An incision aaas made in the left flank and a sigmoidostoma established The lesser pelans 
aaas drained through a right stab aaound The intestine aaas opened aaith a thermocautery, intestinal 
flatus escaped Four aaeeks later the sigmoidostoma aaas closed by operatiae procedure, and the patient 
made an uneaentful recoaera 

In our own senes, theie weie i8 peifoiations of the colon Of the i8 
cases, 12 died (66 6 pei cent) T\\elve cases weie peiforations of diverticula 
of the sigmoid Of the othei six cases, theie vere foui deaths The aveiage 
time of hospitalization was 55^4 days The aveiage blood count was W B C , 
14,800, 82 per cent polymorphonuclear leukocytes The aveiage temperature 
was loi 2° F , and the aveiage pulse late 100 Inflammation of the ascending 
colon, of unkno^\n oiigin, caused one peifoiation Perforation was caused by 
chronic ulcei ative colitis in another case, and a tubeiculous ulcer caused the 
peiforation in a thud case 

A huge reti opei itoneal abscess, in one case, was caused by a pei foration in 
the descending colon This vas incised and drained but the patient suc- 
cumbed At autopsy, a large peiforation of the descending colon was found 
and 111 the microscopic sections of the colon typical amebae were present in the 
submucosa This diagnosis had not been made during life, despite attempts to 
do so 

Table XXVI I 

RESUME or COLON PEREORATIONS 
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Result 
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Location 

Cause 

Operation 

Cured Died 
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3 

Ascending colon 

Inflammatory i* 

I 

I 




Tuberculosis 

I 

I 




Ulcerative colitis 

I 

I 


I 

Descending colon Amebic ulcer 

I 

I 

I 

12 

Sigmoid colon 

Diverticulitis 

9 

4 8 

8 

2 

Recto-sigmoid 

Ulcerative colitis 

2 

2 

2 



Sepsis 





18 


15 6 12 II 

66 6 % 
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Theie weie two cases of peifoiation of the rectosigmoid One was caused 
by ulcerative colitis with peifoiation and peritonitis, the other (discovered at 
autopsy) was in a case of sepsis following an infection with hemolytic Strep- 
tococcus after cholecystectomy and appendicectomy 

One of the inflammatory perfoiations of the ascending colon occuired in 
a child, age 5, and was so unusual that the case leport is appended 

Case Report — A F, female, age 5, had had pain m the abdomen for four days, in 
the midumbihcal region A diagnosis of appendicitis was made There was some rigidity 
of the right side of the abdomen and a definite, quite hard, tender mass could be felt one- 
half inch to the right of the umbilicus At the time of the first operation, a large mass 
was found in the right lumbar gutter It was irregular, and laj in the folds of the meseii- 
ter} of the ascending colon, extending up to, and paitly surrounding, the intestine just 
below the hepatic flexure and down to the ileocecal junction There were many lymph 
nodes in the mesenterj The lumen of the ascending colon was encroached upon An 
ileocolostomy was performed, with removai of two Ijmipli nodes Trvo weeks later an 
ileocecal resection was performed The ascending colon and three niches of the transrerse 
colon were removed together with a mass of lymph nodes Pathologic diagnosis showed 
an acute suppurative colitis with perforation of the colon, and a chronic pericolitis with 
lymphadenitis and hyperplasia of the lymph nodes The mucosa of the ascending coloi 
was normal except for two small patclies of congestion, about 6 Mm in diameter, and 
situated 2 to 4 cm abov'e the ileocecal valv'C The lower one showed an elliptical-mouthed 
perforation, i Mm in its gieatest diameter, which led downward, at a 45'’ angle, and 
slightly to the right, into a mass of hemorrhagic, fibrous adhesions on the retroperitoneal 
surface, and was bound together with a mass of lymph nodes No foreign body could be 
found 

Microscopic examination of serial sections of the colon, through the area of per- 
foration, sbovv'ed that the track was lined with a thick layer of fibrinous granulation tissue, 
covered in places with cylindnc epithelium derived from the mucosa of the intestine The 
granulation tissue extended for some distance bej'ond the tract and was infiltrated with 
many small round, plasma and endothelial cells There was considerable destruction of 
the muscular coats and a generalized inflammatory cell infiltration of the intestinal wall 
Sections through the congested area, in the vicinity of the perforation, showed a large 
irregular area of granulation tissue which had replaced the normal tissue of the sub- 
mucosa, muscularis and serous coats This tissue w'as very similar to that described 
above, being rich m small round, plasma and endothelial cells Giant cells of foreign 
body type were occasionally encountered The cause of perforation could not be detei- 
mined from the sections examined 

Twenty-three years after resection, April, 1936, the patient was readmitted to Lenox 
Hill Hospital for a small papilloma of the abdominal wall She was otherwise entirely 
well 


In our senes, vve had one case of perfoiation of the cecum, wuth the fol- 
lovvang history 

Case Report — W K , age 27, had had an appendicostomy for a severe ulcerative 
colitis, four months before readmission Two and one-half hours after replacing a rubber 
catheter through the appendicostomy wound, he was seized with a severe abdominal pain 
on the right side There was marked tenderness over this area and slight rigidity An 
operation was advised on the chance that a perforation of the cecum might have occurred 
The appendix was removed and a small perforation was discovered, two and one-half 
inches above the base of the appendix on the right side of the cecum, where one of the 
ulcers of the colitis had perforated This perforation was sutured It is now seven 
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months since this was done The patient has gained 50 pounds in weight, and is markedly 
improved 

Theie were 12 cases of peiforation of sigmoid diverticula, with eight 
deaths (66 6 pei cent) All eight cases that died weie autopsied 

Perfoiation of a divei ticulum may be considered an emergency We know 
of one case m which peifoiation occurred immediately upon the giving of a 
colonic irrigation to a patient with diverticulitis A fecal concretion m a thm- 
walled divei ticulum may perfoiate easily The symptoms following perfora- 
tion are veiy seveie, but the preceding S3unptoms may have been vague and 
diagnosis missed 

The patients usually complain of malaise, constipation lasting weeks or 
even yeais Then theie is sudden pain in the lower abdomen which may 
be of 24 houis’ to two weeks’ duration, as 111 our senes Vomiting may be 
piesent Abdominal distention, pain and tenderness aie the outstanding 
physical signs The blood counts 111 our senes averaged WBC, 18,000, 
with 77 pel cent polymorphonuclear leukocytes The temperature and pulse 
averaged 102° F and no, lespectively 

Eggers"^^ repoited on a senes of 24 cases of divei ticuhtis and sigmoiditis, 
which he had personall}^ observed Perforation took place m seven cases In 
three, theie was local abscess formation In four, acute perforation took 
place into the free peritoneal cavity One was drained early and lecovered, 
another was treated expectantly for peritonitis, without knowledge at the 
time of the underlying cause, and finally recovered, while the other two died 
In five of our cases, roentgenograms were taken before operation In one, 
the diagnosis of diverticulitis was made In three, the condition was diagnosed 
as intestinal obstiuction and in the fifth, as paralytic ileus A preoperative 
diagnosis of probable diverticulitis or sigmoiditis was made seven times, 
intestinal obstruction once , acute appendicitis once , segmental enteritis once , 
and peritonitis of unknown origin once 

Operation was performed in nine of the 12 cases Four were drained, of 
whom three died The involved colon was exteriorized in three instances, with 
two deaths Both cases m whom the appendix was removed and the perito- 
neal cavity drained recovered In three cases, no opeiation was performed and 
the diagnosis was made at autopsy The eight cases that died were all au- 
topsied Three showed evidences of sepsis and suppurative peritonitis, one, 
acute dilatation of the stomach (death on the fourth postoperative day), and in 
another, there were, 111 addition to perforation of the diverticulum with sup- 
purative peritonitis, an hypernephroma, subphrenic abscess on the left with 
perforation of the diaphragm, suppurative pleurisy and a carcinoma of the 
right breast 

In three cases that were not operated upon, autopsy showed ruptured di- 
verticula, mesenteric abscess, septic phlebitis and multiple liver abscess In 
another case, generalized peritonitis with many diverticula filled with fecal 
material, and in a third, a ruptured diverticulum which had perforated into 
the mesentery and formed a retroperitoneal abscess 
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Case I — A male, age 28, made a smooth recovery after removal of the appendix 
and simple drainage of the area where perforation had occurred m the sigmoid There 
was a mass the size of a hen’s egg Perforation had occurred 24 hours previously 

Case 2 — A female, age 50, had a history of 18 hours’ perforation The sigmoid was 
exteriorized and secondaiily removed, the resulting colostomy was closed nine months 
latei, with smooth recoverj 

Case 3 — A female, age 47 Roentgenologic examination, three years previousl>, 
showed a diverticulitis A perforation occurred, with the slow development of an abscess 
between the bladder, uterus, and sigmoid This was drained in 1937 To date, in spite 
of three attempts at excision of the fecal fistulous tract, we ha%e not succeeded m closing it 



Fir 6 — C^se 4 Roentgenofrnni, postoper iti\e of perfontion of 'igmoid 
diierticulitis, sliowing presence of dnerticiih 

Case 4 — A male, age 34, ivas operated upon in December, 1938 He had been ill 
for five days, wntli perforation occurring the day before admission He was admitted 
with a temperature of 100 6°F Shoitly afterward, this rose to 103 S^F, W B C 
17,800, with 80 per cent polymorphonuclear leukocjtes The patient w'as operated upon 
with a preoperative diagnosis of segmental enteritis, pelvic peritonitis due to diverticulitis, 
or appendicitis 

An acute diverticulitis and pus in the pelvis were found The appendix was removed 
and the pelvis drained The patient made an uneventful convalescence, but still has a 
fecal fistula Roentgenograms, taken after the operation, showed small diverticula, with 
an irregularly filled sigmoid (Fig 6) 

Perfotations of the colon are always extiemely senous surgical problems 
The high degiee of infectiousness of the colonic contents naturally creates a 
severe degi ee of peritonitis, unless nature has been kind enough to wall-ofif the 
diseased area sufficiently to pi event geneial peritonitis Mortality is high 
The more favoiable results have been obtained in the younger patient, who 
IS operated upon eaily and has better resistance 

SUMMARY AND CONCLUSIONS 

(i) Perforations of the gastro-intestinal tiact are classed as surgical emer- 
gencies or urgencies 
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(2) Certain unusual cases of peifoiations of the gastro-intestinal tract, 
and impoitant statistics, have been repoited from the literature These seem 
to be of special interest and value 

(3) The paper is based on a senes of 151 cases of peif orations of the 
gastro-intestinal tract, exclusive of peifoiations of the gallbladder and ap- 
pendix, that weie seen by the Suigical Services of the Lenox Hill Hospital, 
fiom 1923 to 1938 

(4) The total moitaht}^ of all cases, operated or not operated upon, was 
42 3 pel cent, indicating the sei lousness of the condition 

(5) The majoiity of the cases weie perforations of gastiic and duodenal 
ulcers Opeiative moitahty langed about 25 pei cent This is approximately 
the same mortality rate as that lepoited in othei large senes of cases 

(6) Perfoiations of gastnc and duodenal ulcers can occur without any 
pievious ulcei symptoms This happens more fiequently m gastnc than 111 
duodenal ulcers 

(7) The time element, between peifoiation of the ulcer and operation, is 
very impoitant as to moitahty Apparently, perfoiations of duodenal are 
not as serious as those of gastnc ulcers In the cases that recovered the time 
element was approximately thiee times longer m the duodenal than in the 
gastric senes 

(8) Primar}’’, simple clostiie seems to give the best results, with lowest 
mortality 

(9) Secondary gastro-enterostomy aftei simple closure is raiely neces- 
sary If pylonc stenosis develops, it usually occurs within one year of the 
primal y closure, larely latei 

(10) Recurrent ulcei symptoms may l)e accompanied by hemorihage 
These recurrent ulcers are either gastnc, duodenal or may be maigmal if 
gastro-enterostomy has been perfoimed Gastnc resection is occasionally 
required 

(11) Peritonitis with secondaiy pneumonia is the most frequent cause of 
operative mortality 

(12) Esophageal perforations are not fiequent They are attended with 
a high mortality Early recognition m traumatic cases and eaily opeiation 
with extensive drainage are requiied to save the patient’s life 

(13) Small intestine peif orations aie the lesult of a variety of etiologic 
factors, which aie discussed and case lepoits given Trauma is one of the 
most important causes Shock may be immediate or delayed If immediate. 
It should be treated fii st, followed by earl}^ operation The surgical procedure 
should be as simple as possible 

(14) Perforations of the colon, sigmoid and rectum are accompanied by 
a very high mortality, due to the high degree of mfectiousness of the colonic 
contents and resulting peritonitis Perfoiation of sigmoid diverticula is the 
most common cause and mortality is high Other causes of colon perforations 
are discussed and case reports given 
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SURGICAL ANASTOMOSES BETWEEN THE BILIARY AND 
INTESTINAL TRACTS OF CHILDREN^ 

FOLLOW-UP STUDIES 

William E Ladd, M D 

AND 

Robert E Gross, M D 

Boston, Mass 

FROM THE SURG1C\L CUMC OF THE CHILDREN’S HOSPIT\L VND THE DEPARTMENT OF SURGERl, 

HAR^ ARD MEDICAL SCHOOL, BOSTON, MASS 

On three previous occasions-' ^ we have published repoits on the sur- 
gical tieatment of congenital atiesia of the bile ducts and of congenital dilata- 
tion of the common duct The obstruction in some of these patients can be 
relieved b}’’ joining vaiious paits of the biliaiy tract with the stomach or duo- 
denum The early lesults m such cases have been very satisfying, but no 
significant observations on the end-iestilts have ever been recorded It is 
the purpose of this communication to summarize the late findings in all pa- 
tients with a congenital abnoi mality of the bile passages which we have treated 
by surgically joining biliar}^ and intestinal s3^stems 

The Matcnal Available foi Study — In 1916, Holmes^ called attention 
to the possibility that many infants with congenital atiesia of the hepatic 
or common duct might be cuied if surgical measures were instituted for 
uniting these small obstructed ducts with the alimentary tract Since that 
time we have exploied almost all infants who have eiiteied the Childien’s 
Hospital with such malfoimations One of us (W E L ), in 1927, per- 
formed the first successful operation for lelief of congenital atresia of the bile 
ducts To date, 45 babies with biliary atresia have been operated upon 111 this 
hospital (Fig i) Nine of these weie found to be operable, and 111 eight 
patients a blind hepatic duct, a blind common duct, or the gallbladder was 
anastomosed with the stomach 01 duodenum Three of these babies died 
shortly after opeiation, one expning on the second day of hemoirhage, one 
on the ninth day of peritonitis, and one at the end of three months fiom per- 
foration of the duodenum by an inlying tube which led to a fatal peritonitis 
Of the entire group, then, five have suivived 

Approximately 130 cases of congenital cystic dilatation of the common bile 
duct — occurring 111 children and adults — have been recorded in the literature 
In 1933, Gross^ reviewed 52 of these which had been observed in the child- 
hood group To date, we have personally encountered six children with this 
condition, five of whom were treated by drainage of the biliary tract into the 
stomach or duodenum (Fig 2) 

* This publication was aided bj' a grant from the Godfrey M Hyams Trust 
Submitted for publication February 14, 1940 
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Combining the above two groups, theic aie now available foi study ten 
I^atients in whom tbeie has been a smgical anastomosis between the biliary 
and intestinal systems 

Types of Opoaiwn — Congenital obliteiation of the bile ducts usually in- 
volves the entile extiahepatic system so that theie is no means for escape of 
bile fiom the livei In laie instances, a complete obstiuction may appear at 





Tig I — Tjpes of atresn of the extribilnrj s\stcm found in 
4S cases which i\eie surgicallj explored Above Tjpes of cases 
which are operable b> joining the blind hepatic or common duct to 
the duodenum Bclo~v Tjpes of cases which are inoperable and 
no lelief of jaundice can be instituted 


the lowei end of the hepatic duct, and the ductal system is noimal above this 
In a slightl}'- highei percentage of cases, an atiesia is found in the common 
duct, and the system is patent above this The types of these anomalies, as 
observed in our 45 cases, are indicated in Figure i Case 2 had an atresia of 
the hepatic duct and was treated by hepaticoduodenostomy Cases l, 3, 4 and 
5 all had a complete obstiuction of the common duct, and were treated by 
peifoiming a choledochoduodenostoiny or a cholecystoduodenostoiny 

In the above cases, when the hejiatic 01 common duct was joined to the 
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intestine, the technic employed was as follows The blind duct was caiefiilly 
opened and a shoit piece of small (Nos 8 or lo F ) urethral cathetei was 
pushed up into it A small opening was then made in the duodenal wall, 
and the lower end of the catheter and the duct weie threaded down into the 
duodenum The duct was then joined to the mtestmal wall with a single 
circumventing row of mteirupted silk sutures which were so placed that 
the end of the hepatic (or common) duct pierced the intestinal wall In this 
way the mucous membiane of the duct was placed m close apposition to the 
duodenal mucosa and the anastomosis had been completed over the short 
piece of rubber tubing If the lubbei tube was short (one-half to three- 
fourths or an inch), it alwa 3 ^s spontaneously passed later into the intestine 
and vas discharged m the stool With this technic, a nice appioximation of 



Fig 2 — Driwmg showing congenital cjstic dilatation of the 
common bile duct The dilatation is due to either a stenosis at the 
lower end of the duct or else to an achalasn which pre%ents proper 
furction of the sphincter of Oddi Surgical treatment consists of 
joining the gallbladder to the intestine, or preferablj , anastonios 
ing the common duct to the duodenum 

duct and intestine could be accomplished and theie was assurance that an 
adequate lumen was established at the anastomotic site 

Five individuals with cystic dilatation of the common duct were tieated 
m three different ways In two, a choledochoduodenostomy was established , 
in two, the gallbladder was joined to the duodenum, while in one case, a 
cholecystogastrostomy was performed In one of the cholecystoduodenostomies 
the anastomosis was made with the aid of a Murphy button, but all of the 
other four anastomoses were perfoimed by a careful suture of the common 
duct (or gallbladder) to the stomach or duodenum The suture in these 
four cases was always done with an external low of continuous silk or fine 
chromic catgut and an inner layei of fine, plain catgut to act as a hemostatic 
stitch and to approximate the mucosal edges accuratel)^ Of the three 
forms of operation for choledochal cysts — cholecystogastrostomy, cholecysto- 
duodenostomy, and choledochoduodenostomy — \\e have now come to believe 
that the last procedure is the one of choice 
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Results of Opciations — As mentioned above, theie were three mortalities 
occniring soon aftei opeiation Ihese wcie the fiist thiee cases which weie 
found to be opeiable (m the atiesia gioiip) and we regard the deaths as at- 
tiibutable to technical eirors which should not be committed to-day with our 
improved methods of operation The ten cases which ultimately survived 
anastomosis betw'een the biliaiy and ahmentaiy systems have all been le- 
view^ed wuth the puipose of detei mining w^hat is the end-iesult to date con- 
cerning (i) The function of the alimentary system (2) The possible dangei 
of ascending cholangeitis (3) The condition of the livei which w^as pre- 
viously knowm to have an extensive obstiuctive ciiihosis (4) The general 
development and health of the patient These ten patients have all been 
inteiview'ed m 1940 and then present condition evaluated These ten pa- 
tients are, therefoie, leviewed at ig, 16, 14, 13, ii, 8, 6, 6, 5 and 5 years after 
opeiation (Table I) 

The findings m these ten patients ma}^ now' be suininari/ed under the 
following headings 

(1) 1 he Function of the Alnnentai y Sy<;tcni — In eveiy case, theie is 
clinical evidence that the aliinentar}' s)'stem is functioning noimall)' By this 
IS meant that theie is no indigestion, that fatty foods aie w'ell tolerated, that 
the stools are noimally coloied, and show' nothing to suggest faulty absorption 
of fat 

(2) The Possible Dangei s of Ascending Cholangeitis — In Case 7, theie 
IS, obviously, a chionic, recuriing infection of the bihaiy tiact This patient 
was operated upon in 1924 foi a choledochal cyst, and a cholecystodno- 
denostomy was performed with a Muiphy button We assume that the hole 
which was made at the anastomotic site by tins method w'as too large, for 
this IS the only case m the senes which shows evidence of cholangeitis 
While It must be admitted that this patient does have lecurring cholangeitis, 
she has had only mild incapacitation and is at piesent a senioi student in 
college In the other nine patients jaundice disappeared within a few' weeks 
after operation and has never recurred since then In none of these nine 
patients has there been fevei, upper abdominal pain, or chills which could 
not be readily explained on some other basis 

(3) Condition of the Pi eviously Cvilwtic Lwei — It has been claimed by 
some authois that there is little use in effecting a surgical lepan foi atresia 
of the bile ducts, because the individual will subsequently die of hepatic 
insufficiency It was the contention of these wi iters that the advanced 
cirrhosis which is always found m such babies would eventually lead to liver 
atrophy and failure We have nevei seen any evidence of such a senes of 
events, and m no case has ascites occurred The only evidence of possible 
portal obstruction is in Case 2, a boy, age 7, in whom the tip of the spleen is 
just palpable, m all other cases, the spleen cannot be felt In Case 7, the 
liver is slightly enlarged, but in all the other patients the Iivei edge can just 
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be felt at the costal maigin and appears neither enlarged nor atrophied 
It IS, theiefore, evident that these children possess extraordinary powers of 
regeneiating hvei substance and that the presence of ciirhosis is not a con- 
traindication to surgical piocedures if an operable condition is found in the 
biliary ductal system 


Table I 

SUMM4.RY or TEN PATIENTS WITH SURGICAL ANASTOMOSES BETWEEN THE BILIARY SYSTEM 

AND INTESTINAL TRACT 

CASES WITH ATRESIA OF THE EXTRABILIARY SYSTEM 





Age at 


Year 



Case 

Hosp 

Sex 

Opera- 

Pathologic 

of 

Type of 

Results in 1940 

No 

No 


tion 

Condition 

Oper 

Operation 


I 

103,192 

F 

4 mos 

Atresia of com- 

1927 

Choledochodu- 

Excellent No 





mon duct 


odenostomy 

biliary symp- 
toms 

2 

160,956 

M 

2 mos 

Atresia of he- 

1932 

Hepaticoduo- 

Excellent No 





patic and com- 


denostomy 

biliary symp- 





mon ducts 



toms 

3 

181,052 

M 

I mo 

Atresia of com- 

1934 

Choldeochodu- 

Excellent No 





mon duct 


odenostomy 

biliary symp- 
toms 

4 

187,764 

M 

2 mos 

Atresia of com- 

1934 

Choledochodu- 

Excellent No 





mon duct 


odenostomy 

biliary symp- 
toms 

5 

193,956 

F 

I mo 

Atresia of com- 

1935 

Cholecystodu- 

Excellent No 





mon duct 


odenostomy 

biliary symp- 
toms 


CASES WITH 

CONGENITAL DILATATION OF THE COMMON BILE DUCT 

6 

44,292 

F 

3 mos 

Idiopathic dila- 

1921 

Cholecystogas- 

Excellent No 





tation of com- 


trostomy 

biliary symp- 





mon duct 



toms 

7 

77,249 

F 

5yrs 

Idiopathic dila- 

1924 

Cholecystodu- 

Alive and ac- 





tation of com- 


odenostomy 

tive, but has re- 





mon duct 


(with Murphy 
button) 

curring jaundice 

8 

91,602 

F 

5 yrs 

Idiopathic dila- 

1926 

Cholecystodu- 

Excellent Occa- 





tation of com- 


odenostomy 

sional abdomi- 





mon duct 



nal pain but no 
biliary symp- 
toms 

9 

119,770 

F 

5 yrs 

Idiopathic dila- 

1929 

Choledochodu- 

Excellent No 





tation of com- 


odenostomy 

biliary symp- 





mon duct 



toms 

10 

179,425 

F 

2 yrs 

Idiopathic dila- 

1934 

Choledochodu- 

Excellent No 





tation of com- 


odenostomy 

biliary symp- 





mon duct 



toms 


(4) The Geneial Development of the Individuals — In every case of 
this series the individual has had a normal physical development, has been 
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attending school, and has been engaged in extiaciiinculai activities Case 2 
IS a little undei weight for his age, but his inothei states that all of her 
childien have been small It was suipiising, and satisfying, to see again 
the oldei inembeis of the senes, foi they are all robust, luddy in appearance, 
well-developed, and well-nouiished Some impiession of the general condi- 
tion of these patients can he gamed fiom the photogiaphs accompanying the 
case leports, all of which were taken m 1940 

(5) The Appeal once of a “Hepatoi cnaV" Syndiome — In passing, it is 
of some mtei est to note that no case m this series showed the slightest clinical 
evidence of uremia, ohguiia, ciiculatoiy collapse, 01 death after the sudden 
lelease of dammed-up bile fiom the biliaiy passages If the pioponents of 
the theoiies legaidmg “hvei deaths” are coirect, the cases in this series 
should piovide excellent mateiial for the development of this syndrome 
The infants with ductal atiesia have had complete obstruction of the biliary 
pass?ges foi seveial months, and have had icteiic indices as high as 200, and 
yet none of them has developed a “hepatoienal” syndiome after operation 

(6) Abnonnalitics in Function of the Gasti o-Intestinal Tiact — The 
union of bile ducts 01 gallbladdei with the stomach or duodenum naturally 
causes some distoition of the gasti ic antrum, the pyloius 01 duodenum 
This, however, has not given use to any symptoms of anoiexia postpiandial 
distiess, nausea or vomiting Roentgenologic examination of several of 
these patients, with the aid of a barium meal, has shown dislocation or angula- 
tion of the ahmentaiy tiact m the legion of the anastomosis, but theie has 
been no impediment to the passage of baiium beyond this point In none of 
these cases which weie thus studied could we find leguigitation of barium 
into the biliaiy passages 


CASE SUMMARIES 

Case I — R L was a four-moiith-old female infant who entered the hospital, March 
22, 1927 There had been onset of jaundice at two weeks of age This had been per- 
sistent and had gradualh inci eased in intensity The stools had been white since birth 
There had been occasional vomiting There was failure to gam weight normally 

Physical E\aiiitnatioti showed a well-developed, poorly nourished infant with deep 
jaundice The spleen was palpable and the liver was obviously greatly enlarged The 
stools were white, and the urine showed a strongly positive test for bile pigments 

Opeiafwit — Drop ether anesthesia The liver was greatly enlarged and was deep 
green in color The gallbladder was greatly distended and on opening it there was a gush 
of bile The common duct was found to end blindly a few millimeters below the point 
where the hepatic and cystic ducts joined Choledochoduodenostomy was performed 
The blind common duct was opened and a small rubber catheter was threaded down 
through the gallbladder, cystic duct, and the patent portion of the common duct Clamps 
were now placed across the duodenum, in order to prevent subsequent soiling of the field 
A small opening was made in the duodenum, the catheter was threaded down into the 
duodenum, and the common duct was joined to this part of the intestine with interrupted 
silk mattress sutures This was done m such a way that the common duct extended 
through the wall of the duodenum 

Postopciativc Course — The rubber tube was left m place for several days, the jaun- 
dice rapidly cleared, and the stools became brown colored The babj"^ was discharged 
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home m ‘:ati‘'tacton condition on the t\\ont^-thnd postopeiatne dav She hai been 
followed intennittenth since that time I he geneial hc.nlth has been excellent She has 
dc\ eloped normalK and has been aetne m school athletics At no time since operation 
has she had semptonis lefeiable to the biliaiv sestem 'Iheie has been no jaundice, un- 
explained fexei, oi abdominal swcllme (ascites) When last seen in lamian, 1940, at 
the aec of n she was well-de\ doped and well-noniishcd there was no jaundice, and 
the li\cr edec could he just tell at the costal niaigin The spleen was not palpable 
(Fiu D 

Case 2 — 1 M was a two-month-old male child who entcied the hospital, June 14, 
10)2 At birth the bain was dcrmiteh jaundiecd This condition pcisisied and in- 
creased 111 intensite Since hiith the stools had alwa\s been white in coloi, and the uime 
had alwa\s stained the diaper a deep \ellow On seeeral occasions there had been mild 
episodes ot eoniitmp \t no time did the eoniitus cont.nn bile 

Pltv<^ual K Kitittnaltoit — Extein.dh the bain ipjicared to be wcll-dc\ eloped and lathci 
poorh nouiished The skm and mucous membianes were deeply ictciic 1 he abdomen 
was distended the iiici cased si/l w is mosth due to a pieath enlaipcd Inci w'hicli ex- 
tended well down below the umhilieus The spleen was not palpable I he stools w'Cie 
white and the mine showed a stionph posituc test foi bile pigments Icteiic index 
was I 

Of'itatioii — Dioji ethei anesthesii ITie Inei was found to be maikcdh ciiihotic 
and a deep gicen eoloi 1 he eallbladdci was cxticmeh small and biiiicd \cr\ deep m 
the sulcus ot the Iner When opened this contained oiiK a few diops of cleai, coloilcss 
miiloid nnterial \n e'xteiisnt. seaicli m the gastiohcpatic ligament showed the common 
and c\stic ducts to he leiiresented In onh a small coid of fibioiis tissue lust at the 
border of the luei w is a small nubbin ) or 6 Mm m diameter, which was the blind end 
of the hepatic duet I'ins was anastomosed to the duodenum enci a small piece of No 8 F 
soft rubber urethi.il eathctei 1 his was effected In msciting two mattress sutuics of 
aitcrial silk to join the blind duet and the duodenum, then opening the duct and the 
duodcmim nisei ting one end of the eathetei into the hepatic duet and the othei into the 
duodenum and then mtciioih nisei ting se\eial mattiess sntuies, leaemg the cathctci 
in place 

Po^tof'i lain t C am T, — I he bain lan .1 stoinn com se foi seeeial daes Ihcie wcic 
lepeated hemoirhages m st\ci il p.nts of the bod\, which weic biought under control 
with transfusions T lie ineee of lubbei tubing was spontaneously passed m the stool 
B\ the end ol thiee weeks the jaundice had disappcaied Ihc child was discharged six 
weeks after opciation The bo\ has been seen fiom time to time since opciation, and Ins 
general condition has been quite satisfaetoiy He has alwaes been shghth undci weight, 
but his mothci states that all of her childicn Imc been small He has been active and 
attends school Siiuc opciation thcic has ncnei been jaundice, unexplained fcvci, ab- 
dominal pain, 01 mtolcraiKc to fatte foods Examination, m lanuaiy, 1040, show'cd bun 
to be shghth undei weight but othei wise m good health The child was jovial The 
Inci edge could be felt about i cm below' the light costal maigin fiom the xiphoid 
pioeess to the midnipplc line, but the li\ci could not be felt below' the costal bolder 
latcialh The tip of the spleen was just palpable Iheic was no jaundice (Fig 4) 

Case 3 — G K was a i7-da-\-old male infant w'ho enteicd the hospital April 28, 1934 
because of jaundice since biith The stools had always been soft and giaMsh-w’hite m 
coloi He had ne\ei \omited 

PJtv^ual E\aiiiiiiattoii showed a small bain (fnc pounds, 12 ounces) w'ho was deeph 
jaundiced The Inci w-as gicath cnlaigcd to palpation and there was some shifting fluid 
within the abdominal cavitA The stool w-as Avhite, and the mine w'as deeply bile stained 
The icteric index was 200 

Opiiatioii — At seven weeks of age an cxploiaton celiotomy w'as pcifoimcd The 
livci W'as gicath enlaiged, deep gicen in color, and maikcdlv ciiihotic The gallbladdei 
was tcnsch filled w'lth gicen bile The common duct ended blindly 5 or 6 Afm below’ 
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the junction of the hepatic and cystic ducts Below this there was only a thread of 
fibrous tissue running downward toward the duodenum A choledochoduodenostomy was 
established , the anastomosis was effected over a short piece of rubber catheter, which 
was left in place The common duct was sutured to the duodenal wall with interrupted 
mattress stitches of silk 

Postopaatwc Cow sc — The patient had a very satisfactory postoperative course 
Jaundice graduallj^ cleared and completely disappeared in about one month’s time After 
three weeks, the weight began to increase Siv dajs after operation bile first appeared 
in the stools, and after this the stools were normally colored Tlie small piece of rubber 
tubing was passed per rectum on the ninth postoperative day The infant was discharged 
home in good general physical condition on the fortj'-second postoperative day The 
patient has subsequently moved to a distant part of the country but a letter from the 
mother, in Januarj^, 1940, states that he is “a lovelv healthy boy full of vigor and fun, 
and so far as I know perfectlj healthj He has ros> cheeks, is good and strong, and is 
a muscular child ” 

Case 4 — B H was a mne-wcek-old male infant who entered the hospital, December 
2, 1934 He had been jaundiced for three weeks The stools had always been clay- 
colored and the urine graduallj developed an amber color 

Physical Eiaiumalwit showed the baby to weigh seven pounds, ii ounces, and to be 
somewhat undernourished There was only a small amount of subcutaneous fat There 
was a deep jaundice The abdomen was protuberant and there was some dilatation of 
veins over the abdominal wall and lower chest The edge of the liver protruded down- 
ward almost to the umbilicus The tip of the spleen could be easilj felt The stool was 
white, and the urine had a stronglj positive test for bile The icteric index was 100 

Opciation — The liver was deep green, was markedlj cirrhotic, and had an increased 
firmness The gallbladder was not enlarged, but did contain green bile The common 
duct ended blindly just above its junction with the duodenal wall The common duct 
above this was only 4 or 5 Mm in diameter A hole was made in the duodenum, and a 
small piece of catheter was passed upward into the opening common duct and also down- 
ward into the duodenum An anastomosis was made over this piece of catheter Sutures 
of arterial silk were employed for the anastomosis 

Postopaatwc Cow sc — The patient ran a low febrile course for some dajs On the 
sixth postoperative day the piece of rubber catheter was passed per rectum Thereafter, 
the stools became at first green and then brown in color The jaundice cleared rapidlj', 
and the icteric index had dropped to 10 by the end of the first month It was almost one 
month before the clinical evidence of jaundice had disappeared The baby was dis- 
charged on the thirty-ninth postoperative day The child was last examined in January, 
1940 At that time there was no jaundice or other abnormality The weight gam had 
been good and the child was in excellent general health 

Case 5 — B A J was a six-week-old infant who entered the hospital, Tulv 18, 1935 
Jaundice was first noted on the fourth day of life This had gradually increased in severity 
No note was made concerning the character of the stools The baby was primarily 
brought to the hospital because of hemorrhage from the umbilicus 

Physical Exaiwnatwii — The patient was intensely jaundiced, and was in a critical 
condition because of hemorrhage from the navel Temperature 95° F, pulse 200, and 
respirations very irregular Immediate transfusion improved the patient’s condition, and 
the hemorrhage promptly ceased The tip of the spleen could be felt and the liver was 
noticeably enlarged The stool was white, the urine was deeply pigmented, and the icteric 
index was 75 

Opciation — The liver was moderately enlarged, definitely cirrhotic, and had a deep 
green color The hepatic and cystic ducts appeared to be normal and the gallbladder was 
greatly distended with green bile No common duct could be found A cholecystoduo- 
denostomy was performed This was effected with two layers of fine plain catgut, rein- 
forced with a few interrupted sutures 
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PostopLiaiivc Counc — In a few da\s the stools became green and subsequently had 
a brownish color There was considerable diarrhea for two wrecks, wdnch subsequently 
disappeared After a long, stornn course the infant finallj’^ began to take her formula 
fairh well and to gam a little weight Jaundice cleared slowdy Because of protracted 
diarrhea and difliculties of feeding, hospitalization w'as continued for three months Since 
that time the general condition has been excellent The patient has been entirely 
as\ mptomatic She has had no jaundice unexplained fever, abdominal pain, abdominal 
swelling, oi other symptoms suggesting biliarj insufficiency or disease When last ex- 
amined, m Januari 1940, she was actnc and somew'hat slendei Weight 37 pounds 
There was no jaundice The Incr edge could be barely felt just below the xiphoid, but 



Tig 3 Fig s 


Fir 3 — Ci'iL I PhotoKnpIi of r3>earold girl 13 jeirs after choledochoduodenos 
loni\ for atrtsia of the common duct General health is excellent There ha\e been no 
semptoms of cholangcitis or hepatic insu(ricienc> 

Fig 4 — Case a Photoi,raph of eight >ear old boj eight jears after hepatico 
duodenostonn for atresia in the lower end of the hepatic duct The child is slightly 
underweight but is otherwise in good health 

Fig s — Case s Photograph of fiecjearold girl, fi\e sears after establishment of a 
cholccjstodiiodenostoni} for atresia of the common duct There has been no evidence of 
biliarj infection at anj time 

the spleen w'as not palpable (Fig 5) Roentgenologic examination, with the aid of a 
barium meal, show'ed the pjloric end of the stomach and the duodenum to be further 
toward the right than usual There was no obstruction to the passage of barium No 
barium could be seen regurgitating into the gallbladder 

Case 6 — M E w'as a three-month-old female infant who entered the hospital, 
November 29, 1921 During the first week of life, she occasionally vomited At two 
weeks of age jaundice was first noted The stools were normally colored for the first 
four or five days, but after that they became acholic 

Physical Eiamwation showed the child to be poorly nourished and rather thin There 
was a deep jellowush-green discoloration of the skin, sclerae and mucous membranes 
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The liver edge was palpable about i cm below the costal margin The tip of the spleen 
was barely felt 

Opoatwn — The liver showed definite but slight cirrhosis, the gallbladder was dis- 
tended, and the common duct was greatly dilated The common duct was not opened for 
examination of the passageway through the ampulla of Vater However, it W'as assumed 
that a small opening into the duodenum must have existed because of the definite presence 
of bile in the stools during the first four or five days of life A cholecystogastrostomy 
W'as established, W'lth the gallbladder turned over onto the anterior surface of the stomach 
An outer row' of fine silk, continuous sutures w'as reinforced internallj w'lth a row of 
plain continuous catgut 



Fig 6 Fic 7 Fic 8 

Fig 6 — Case 6 Photograph of ig year old girl, 19 jears after establishment of a 
cholecjstogastrostomy for idiopathic dilatation of the common bile duct Patients weight 
IS 128 pounds and health is excellent No cholangeitis has e\er appeared 

Fig 7 — Case 8 Photograph of i9>earold girl 14 jears after cholecastoduodenos 
tomj for cjstic dilatation of the common duct Health excellent Weight 130 pounds 
Ivo jaundice 

Fig 8 — Case 10 Photograph of eight year old girl six jears after choledocho 
duodenostomy for congenital cjstic dilatation of the common duct General health is 
excellent There is no evidence of hepatitis, jaundice, or other abnornialitj 




Postopei ativc Com sc — Following operation, the child’s condition was very precarious 
Stimulants and parenteral fluids were necessary to improve her circulation After the first 
w'eek her general condition graduallj improved and jaundice was beginning to disappear 
Bile pigments appeared in the stools At the time of discharge, on the fifty-sixth post- 
operative daj, the urine and stools were normal and the jaundice had completely 
disappeared 

Roentgenologic examination of the gastro-intestmal tract, ten years after operation, 
show'ed the duodenum to be displaced upward and more to the right than normal How'- 
ever, there was no obstruction at the outlet of the stomach There was no reflux of 
barium into the gallbladder This patient has been perfectly w'ell throughout her entire 
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life >;incc hospital discharge A.t no time have theie been gastro-mtestinal symptoms, 
\omitmg jaiinchcc, indigestion, unexplained fever, oi cla\ -colored stools Apparently, 
the release of bile into the stomach has not pioduced anj distuibance of digestion at any 
time When last examined in lamiar\, 1940, she was in excellent physical condition, w^as 
\cr\ stock\ wcll-nouiishcd, and possessed a good sense of humor There was no 
jaundice Iiitercstnmh enough, the scar of the abdominal incision, wduch w^as tw'o inches 
long at the time of operation, had grown wuth the individual and w'as now^ five inches 
111 length The luei edge could not be felt below' the costal maigin The spleen w'as 
not palpable Theie was no e\idencc oi mtiapcritoneal fluid Weight 128 pounds (Fig 6) 
Case 7 — E S was a fie c-e car-old girl who entered the hospital, December 8, 1924 
\t reeurring inteieals since birth the child had been jaundiced Betw'een these periods 
the skin color was almost normal but jaundice had ne\er fulh disappeared During the 
past lour months there had been nitei niittent upper abdominal pain and vomiting 

Plt\<:ical Exoiitiuatiou — The giil was well-de\ eloped and well-nouiished, but there 
was a maiked jaundice Lncr edge could be felt 3 cm below' the costal margin An 
icteric index was not recorded but tiicie weie fiequcnt siibscciuent notes stating that the 
child was deepK jaundiced 

Ol'irattou — The lncr was somewhat enlarged was slightlj cirrhotic, and w'as bile 
stained The gallbladder was gieatK distended The common duct w'as greatlj' en- 
larged hut hile could he expressed into the duodenum This cjstic dilatation of the 
common duct was ti gated h\ establishing a cholcce stoduodenostomy with the aid of a 
Murpln button 

7 ’ov/o/'( Ki/i: i Com <:l — Within one week it was noted that the jaundice w'as disap- 
lieaiing The stools were consistenth notmal m color after the first W'eek The Murphj 
button was ne\ei identified in a stool, but roentgenologic examination on the fifteenth 
postoperatne da\ showed it to have disappeared from the abdomen At the time of 
hospital discharge, on the twente -third postoperatne da\, jaundice had entirely vanished 
Siih^rqitdit Com<^c — This jiatient lias had recuinng troubles She w'as free of 
jaundice for some months aftei dischaige fiom the hospital, but then began to have 
recurring attacks of what is appaienth an ascending cholangeitis Jaundice is present 
most of the tune \t some periods it is hardl} noticeable while at othei times it quite 
marked There are episodes of model ate upper abdominal pain associated w'lth some 
fe\er, which incapacitate the indnidual foi sceeial dais during the height of an attack 
Her general deielopmeiit, howeeer, has been good W'hen last hcaid of, m January, 1940, 
she was able to carr\ on actnities as a senioi student in college Inasmuch as this is 
the onh unsatisfactore icsult in the entire scries herew'ith presented, we are led to believe 
that the establishment of a choice} stoduodenostom} w'lth the aid of a Alurphy button w'as 
a poor technical proceduie Appaicntly the communication w'hich w'as thus established 
made too large an opening, so that the doudenal contents readil} regurgitated into the 
gallbladder and biliai} passages W^e are, therefoie, led to believe that anastomoses be- 
tween the biliar} and intestinal tracts should be performed by a careful suture of the 
ajiposed hollow' msci, care being taken that the opening is not too small and yet is not so 
large that gastro-intestinal contents can escape into the biliar} tract 

Case 8 — E H was a five-year-old girl w'ho enteied the hospital, March ii, 1926, 
complaining of intermittent attacks of abdominal pain and vomiting since infancy With 
each attack there had been a definite }ellow'ish discoloration of the skin 

Physical Examination show'ed a well-developed, very well-nourished child w'ho was 
having no discomfort at the time The skin w'as markedly icteric In the right upper 
quadrant of the abdomen there w'as a rather firm, smoothly rounded, nontender mass 
W'hich did not appreciably move during inspiration Above this the edge of the liver 
could be just felt below the costal margin The stool at this time was clay-colored 

Opeiation — W^hen the abdomen w'as opened, the mass w'as found to be an enormously 
dilated common duct, w'hicli w'as about the size of an oiange On draining the gall- 
bladder W'lth a trochar and cannula, the distended common duct collapsed It was decided 
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to pel form a cliolecystodiiodcnostomy The anastomosis was made with tlie use of an 
outer layei of fine plain catgut and an inner continuous layer of plain catgut, which 
approMmated the mucosal edges 

Postopd alive Couise — Following operation the child did extremely well Jaundice 
completely disappeared, there was no recuirence of abdominal pain or vomiting She 
was discharged on the fourteenth da> A gastio-intestmal barium senes, in April, 1928, 
showed no apparent duodenal stasis or deformity No barium could be seen regurgitating 
into the gallbladder This girl has been seen on many occasions for follow-up studies 
Her general health has been excellent She has graduated from high school At no time 
since hospital discharge has there been jaundice, clay-colored stool, or unexplained fever 
On a few occasions she has had mild attacks of abdominal pain, the localization of which 
IS not certain These are usuallv related to constipation, and with proper evacuation the 
pain completely disappears Examination, in January, 1940, shows this patient to be very 
sturdy, well-developed, quite muscular and in excellent general health There is no 
jaundice The liver edge cannot be felt below the costal margin Weight 130 pounds 
(Fig 7) 

Case 9 — M H was a five-v ear-old girl who entered the hospital April 6, 1929 At 
four years of age there had been an episode which had been diagnosed as catarrhal jaun- 
dice Since then there had been recurring attacks during which the child was jaundiced, 
the stools were light in color, and the upper abdomen was distended During the last 
few attacks there had been abdominal pain 

Physical E\amuiation — The girl was poorlj nourished and moderatelj jaundiced 
The upper abdomen was enlarged and a bulging nontender mass could be felt below the 
costal margin The stool was light in color but contained traces of bile Icteric index 40 
Opc) aitoii — The gallbladder was distended and was pushed forward, but a mass, the 
size of a grapefruit, lay behind it and toward the midline This large mass was obviously 
an enormously distended common duct A cholcdochoduodenostomj was established, with 
the use of a double row of sutures The first, of silk, included only serosal layers, but 
the second, of catgut, joined the mucosal surfaces 

Postopd alive Com sc — The jaundice cleared very rapidly, and the stools returned to 
normal color Subsequent examinations showed no palpable mass in the right upper 
quadrant She was discharged on the thirteenth postopeiative day A gastro-intestinal 
series, on the twelfth postoperative day, showed some distortion of the duodenum, but no 
evidence of the anastomosis between the biliary tract and duodenum This child has sub- 
sequently moved to another community, but a follow-up letter shows that she has had a 
satisfactory postoperative course At no time has there been jaundice or evidence of 
cholangeitis 

Case 10 — B N was a two-year-old girl who entered the hospital, March 9, 1934 
She had been jaundiced for five weeks and the stools had become gray 

Physical Evamination — The child was deeplv jaundiced The liv^er was considerably 
enlarged, and there was a tense mass in the right upper quadrant of the abdomen vv'hich 
was palpable below the liver Temperature 101° F The stools were clay-colored, the 
urine contained bile, and the icteric index was 33 

Opel altoit — The liver had an increased consistency but did not appear to be cirrhotic 
The gallbladder and cystic duct were not enlarged The common duct vv'as dilated to a 
lemon-sized cystic structure Anastomosis was made between this dilated common duct 
and the second portion of the duodenum, using a double layer of catgut The stoma was 
7 or 8 Mm in diameter 

Postopd alive Couise — The child’s condition gradually improved, jaundice completely 
disappeared, and no mass could be felt in the right upper quadrant postoperativelj' She 
was discharged home on the twentieth postoperative day This patient has done extremely 
well At no time has she had abdominal complaints since hospital discharge There has 
been no jaundice, unexplained fever, abdominal pain, or indigestion Fatty foods are well 
tolerated Examination, in January, 1940, shows her to be extremely well-nourished and 

62 



A olurac 112 
Number 1 


BILIARY ANASTOMOSES IN CHILDREN 


slighth obese She is ven jovial The liver edge cannot be felt below the costal margin 
No mass oi tbickemng can be made out in the right upper quadrant (Fig 8) 

' Su^tMARY — FoIloA\-up nolcs aie piesented on ten patients who had 
anastomoses between the bihaiy and ahmentaiy systems foi treatment of 
eithei atiesia of the bile ducts oi idiopathic dilatation of the common bile 
duct The condition of these patients has been leevaluated five to 19 years 
aftei the opeiative pioceduies One individual has had recuiiing cholaii- 
gcitis, hut the cholec} stoduodenostoni}'^ 111 this case w^as peifoimed with a 
]\Iuiphy button In the othei nine patients, the hepatic duct, common duct, 
or gallbladdci was caicfulh' anastomosed to the stomach and duodenum, 
and none of these nine has had cholangcitis at any time The liveis 111 
these individuals all showed maiked obstiuctive cnihosis at the time of 
opeiation. but none has shown aii) hepatic insufficiency since opeiation It, 
therefoie, appeals that the Inci has icmaikable pow^eis of legeneiation under 
these circumstances, and that this lepaii can take place without subsequent 
portal obstruction 


CONCLUSIONS 

A stud} of this mateiial leads us to believe that it is not necessaiy to at- 
tempt pie\ention of ascending biliaiy infection by mseitmg biliary ducts into 
the intestine in an oblique 01 Aahe-hke fashion Noi is it essential to inseit 
a bile duct into a clean side-arm of intestine to pi event soiling of the biliary 
passages At least these statements hold true foi patients 111 the childhood 
group We aic convinced that successful issue in these cases depends upon 
the care with which the anastomosis is pcrtoimed The operative piocedure 
must be performed so that mucous membiane of the bile duct 01 gallbladder is 
accuiately apposed to the mucosa of the stomach 01 duodenum, and no stenosis 
must exist at the anastomotic site Undei these conditions the long-time 
follow-up results of anastomoses between biliary and alimentary tract have 
shown vei} satisfactoiy results in oui hands 
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EXPLORATION OE THE COMMON BILE DUCT* 

Frank Glenn, MD 
New York, N Y 

mOM THE DEI MtTMENT OF SUIlGEin OI THE NI-W lOHK HOSPITAL AND CORM LL UM\ FRSITI MEDICAI COLLEGE 

NEW lORK, N 1 

Some months ago, the writer reviewed the Proceedings of the New York 
Suigical Society since its oiganization, in seaich of the first comment on ex- 
ploiation of the common duct to be piesented befoie it It was found that, 
on Maich ii, 1891, Di Chailes McBurney^ had read a shoit paper about a 
patient opeiated upon by him foi stone in the common bile duct The patient 
had been ill with jaundice for a long time and had lost 63 pounds 111 weight 
The common duct was approached thiough an incision in the duodenum, the 
ampulla of Vater divided and the common duct split to remove the stone The 
patient lecovered and regained hei health 

In Octobei of the following year, Di Robeit Abbe- read a paper before 
this Surgical Society entitled “Cases of Gallbladder Suigeiy” In it he 
advocated the removal of the gallbladder foi cholelithiasis, incision of the 
common duct and removal of stones in choledochohthiasis, follow’^ed by repair 
of the defect m the duct wnth fine silk sutuies and drainage of the common 
duct by means of a lubl^ei tube He also chained the operative field The 
four cases he piesented weie consideied to be progiessmg tow'ard a fatal 
outcome because of the complete obstruction of the common duct In review- 
ing the hteratuie, he ci edited Crede, Lawson-Tait, Kummell, Senger and 
Gregg Smith wnth voluminous ai tides on this subject 

Since his time, articles on the surgery of the biliaiy tiact have increased 
yeai by yeai until noiv it is almost bej'ond the cajjacity of any one man to lead 
them carefully, as they appeal It is not my pin pose to 1 eview' this extensive 
literature I wash, rather, to leport biiefl}^ oui experience with exploration 
of the common duct ovei a peiiod of six years at the New'^ York Hospital 
Some of our patients exhibited the common pioblems encounteied in surgery 
of the biliary tiact, such as the elusive stone, stenosis of the common duct and 
excessive bleeding due to jaundice Every suigeon and clinic interested in 
this field of surgery deals with these pioblems in then own way I shall leview^ 
our cases and describe some simple methods wdiich w^e have adopted in 
handling them 

From September i, 1932, to Septembei i, 1938, 907 patients weie sub- 
jected to operation foi nonmalignant disease of the gallbladder and biliary tract 
One hundred twelve of these (12 i pei cent) w^eie exploied foi obstruction 
of the common duct (Table I) The common duct was routinely opened and 
searched for obstruction in all cases (a) in which there w^eie st ones palpable 

* Read before the New York Surgical Societj% May 10, 1939 Submitted for publica- 
tion April 7, 1939 
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in the duct, (b) in which theie was a history of progressive jaundice oi 
repeated attacks of jaundice, and (c) in which the common duct was dilated 
It has been noted that induiation of the head of the panel eas may be caused 
by stones in the ampulla of Vater and, theiefoie, this sign is considered m 
ceitain cases an indication foi exploiation The induiated common duct found 
in acute and subacute inflammation of the gallbladdei and associated with 
only a mild degree of jaundice (icteric index of 30 or less), generally, was not 
opened, for it seldom contains stones However, if the duct was distended as 
well as Induiated, it was explored Patients with cholecystitis and cholelithi- 
asis, giving a histoiy of repeated attacks of jaundice, w^eie explored with 
particulai care not to oveilook stones, foi in these cases they were frequently 
found 111 the hepatic ducts 

Stones weie located and removed in 60 cases In seven other cases, 
there w^as a stenosis or complete obliteration of the common duct Therefore, 
in 67 of the 1 12 patients, the cause of the obstruction of the common duct was 
found and coi 1 ected In the remaining 40 2 per cent of the cases, the explora- 
tion was of questionable theiapeutic value (Table I) 

Table I 

SYNOPSIS or 1 12 COMMON DUCT EXPLORATIONS IN 907 PATIENTS WITH NONMALIGNANT DISEASE 

or THE GALLBLADDER AND BILIARY TRACT 

New York Hospital, September i, 1932, to September i, 1938 

Stones m No Stones 

Common m Com- Mortality 

Duct mon Duct Deaths Rate 
Total patients 112 60 52 14 12 5% 

Operations for stone 100 55 45 10 10 0% 

Operations for benign stricture 12 5 7 4 33 3% 

Analysis of Cases — In the series of 112 cases with obstruction of the 
common duct, there weie 79 wmmen and 33 men Fouiteen patients died 
after operation, six of whom w^eie women and eight men The mortality for 
women was 7 5 per cent and for men, 24 2 per cent This is m keeping, in 
a measure, wuth our experience in surgery of the biliary tract in general, for 
the incidence of the disease is much highei in women but they, seemingly, 
withstand the operative procedures bettei than men The mortality rate for 
the entire series w^as 125 per cent An analysis of the deaths shows that the 
average age of the 14 patients who died ivas 55 7 years , the oldest was 76 and 
the youngest 33 yeais of age Six deaths followed secondary operations 
Four of these operations weie for stenosis lather than stone and weie, there- 
fore, attempts to lelieve an almost complete obstruction piesent for varying 
periods of time The lemaining eight deaths followed primar}'- operations, 
stones were found and lemoved in six One patient had an inflammatory 
stricture of unknowm oiigin, while no cause foi the obstiuction was found in 
another 

Common to all patients who died was marked jaundice, and at postmortem 
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ten of the 14 showed evidence of maiked to seveie hepatic damage The 
pi unary cause of death in six patients was heinorihage Theie was one 
patient, a man, age 62, in whom the failuie to leinove a stone at operation may 
be said to have contiibuted to death At autopsy, 52 days after operation, 
a stone was found impacted m the ampulla of Vatei (Table II) 

Exploiation of the common duct was earned out in acute as well as 
chionic cholecystitis Twenty-one of the 112 patients subjected to this pro- 
cedure had acute cholecystitis, and in nine, stones were lemoved, in the othei 
13, no stones weie found The opening of the common duct, when stones 
weie not piesent, m no case lesulted in a fatality, but it cannot be said that 
It did not contribute to prolonged hospitahration Theie was only one death 
in this gioup of cases, the mortality late w^as, theiefoie, 45 pei cent, much 
lowei than that foi the entiie series This may be accounted foi by the fact 
that the aveiage age in these patients w'as lelatively low^ longer than the 
average foi the entiie senes, and the disease, theiefoie, may have been of 
shorter duiation 

The common duct w^as exploied in 78 patients with chionic cholecystitis, 
and stones w^ere found and lemoved in 46, not found in 32 cases Theie weie 
nine deaths in this gioup Almost without exception the diseases of the 
gallbladdei had existed foi a long time j\Iany of the patients gave histones 
of symptoms for 30 yeais wath lepeated attacks of jaundice Several patients 
had had previous cholecystostomies 01 paitial cholecystectomies, and m some 
a stone has been overlooked at a foimei operation This lattei situation arose 
four times 111 our experience, but foi the most i:)ait the j^atients had been 
operated upon elsewdieie, piimaiil}' No doubt othei hospitals see j^atients in 
whom we have ovei looked stones 

In the remaining 12 cases of the senes, sccondaiy opeiations w'eie pei- 
formed foi stenosis of the common duct These patients previously had had 
a cholecystectomy or an exploiation of the common duct and at operation 
were found to have a paitial stnctuie 01 complete stenosis of the duct In one 
instance, an exhaustive seaich levealed only a bulb-like sacculation at the 
junction of the hepatic ducts, m the place of the common duct A definite 
history of injuiy to the duct at a pieiious opeiation w^as obtained in five cases 
In three other patients, a technical eiior, apj^arently, had been ovei looked by 
the operator and, in the remaining foui, the histoiy w^as inadequate 01 un- 
satisfactory 

Although the maiked stenosis appeared to be the piincipal cause of 
obstruction of the duct in this gioup of cases, theie were five in which stones 
were found and removed In one patient the stenosis of the common duct 
appeared to be caused by distoition, the lesult of contiactuie of the scai of an 
old sinus tract The moitality rate for these cases was 333 per cent 
(Table III) 

One method we employ in the tieatment of stenosis of the common duct 
may briefly be desciibed It consists in excision of the constricted portion of 
the duct and reestablishment of its continuity by an end-to-end anastomosis 
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Table II 


4.NALYSIS OF DEATHS 



Case 



Jaun- 


Findings in 


Number 

Sex 

Age 

dice 

Operation 

Common Duct 

Cause of Death 

I 

33617 

M 

62 

+ 

Choi ecystectom}'^ 

2 stones in com- 

Subphrenic ab- 






Choledochotomy 

mon duct, I 

scess , biliary 







found at au- 
topsy 

cirrhosis 

2 

159038 

M 

57 

+ 

Cholecj'^stectomj’- 

2 stones 

Hemorrhage , 






Choledochotomy 


erosion of por- 
tal vein 

3 

144652 

M 

53 

+ 

Cholecystectom}’- 

Cast of stones 

Bronchopneu- 






Choledochotom}’- 


monia, pul- 








monary em- 
bolism* 

4 

7460 

M 

44 

+ 

Cholecystectomy 

16 impacted 

Biliary cirrhosis , 






Choledochotomy' 

stones 

hemorrhage 

5 

46479 

F 

33 

+ 

Cholecy stectomy 

Stones impacted 

Hemorrhage , 






Choledochotomy 

in ampulla 

pulmonary 

edema 

6 

66841 

F 

67 

+ 

Cholecy'^stectomy 

No stones, in- 

Cholangitis, ab- 






Choledochotomy 

flammatory 

scesses, com- 







stricture 

mon duct ob- 
struction 

7 

164530 

M 

50 

+ 

Cholecystectomy 

No stones 

Bronchopneu- 






Choledochotomy 


monia, shock* 

8 

60269 

M 

52 

+ 

Cholecystectomy 

Stones m duct 

Biliary stenosis. 






Choledochotomy 


shock, cirrho- 

9 

80467 

M 

54 

+ 

(i) Cholecystostomy 

9 stones 

Hemorrhage , 






(2) Choledochotomy, 


choleduodeno- 






cholecystectomy 


colic fistula, 
abscess 

10 

92066 

M 

54 

+ 

Cholecystectomy 

No stone in com- 

Necrosis of uri- 






Choledochotomy 

mon duct. 

nary bladder 







stone m liver 

wall, multiple 







bed 

hepatic ab- 








scesses 

II 

62321 

F 

41 

+ 

(i) Cholecystectomy 

Stenosis 

Hemorrhage , 





and choledochot- 


biliary cirrho- 






omy 4 mos previ- 
ously 


sis 






(2) Choledochotomy 








for stenosis 



12 

93439 

F 

53 

+ 

(i) Cholecystectomy 

Complete steno- 

Hemorrhage , 




I yr before 

sis 

biliary cirrho- 






(2) Choledochotomy 


sis with cen- 
tral necrosis 

13 

107763 

F 

65 

+ 

(i) Cholecystectomy 

Complete steno- 

H emorrhage , 



I yr before ’ 

sis 

biliary cirrho- 






(2) Attempted cho- 


sis 






ledochotomy 



14 

202305 

F 

76 

+ 

(i) Perforation — 

Stone in duct 

Cholangitis , 



fistula 6 yrs be- 


central necro- 






fore 


sis of liver 


(2) Excision fistula, 
choledochotomy 


* No autopsy 
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Table III 

S\NOPSIS or 1 12 CASES or E\PI ORATION Or THE COMMON DUCT EOR OBSTRUCTION 


Acute Cholecystitis 

Chronic cholecystitis and primary opera- 
tions 

Stenosis of the common duct 


Mortality 


Total Stones 

No Stones 

Deaths 

Rate 

22 9 

13 

I 

4 5 % 

78 46 

32 

9 

ri 5 % 

12 5 

7 

4 

33 3% 



Tig I — End to End Anastomosis of Common Duct A Schematic drawing of 
stenosed common duct B Stenosed area has been resected ends mobilized, T tube 
inserted m distal portion, and three stay sutures of arterial silk placed C The placing 
of intenupted sutures in anastomosis D Anastomosis complete 

Figuie I, A, B, C and D, shows the following stages of the piocedure 

Figure I A shows a schematic di awing of the common duct constricted 
in the region of the cystic duct, the most common site for strictures 

Figure iB shows the duct after the cicatrix has been excised The prox- 
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imal and distal ends of the duct have been mobilized by dissection for a dis- 
tance of 4 cm Tbiee arteiial sutines have been placed in the wall of each 
stump, by tension on these, the lesected ends of the duct aie appioximated 
An incision is made in the distal poition of the duct to introduce a T-tube, 
the proximal end of this tube will extend aci oss the siitui e line 

Figuie iC Intel lupted aiterial silk sutures aie used to make the anasto- 
mosis between the two ends of the duct Placing these sutures is facilitated 
by the stay sutuies which weie intioduced earliet 

Figuie iD shows the anastomosis with the T-tube m place 

A second method which we have used m ti eating stenosis of the common 
duct may be presented by citing a case in which a latei al-transverse anasto- 
mosis between the biliar}' tiact and the duodenum was made to reestablish a 
passage for the bile 

Case Report — Hosp No 212,197 H S, white, female, age 61, married was ad- 
mitted to the New York Hospital, September 7, 1938, complaining of jaundice Her 
previous history was not significant except for jaundice Her present illness dated back 
five years, at which time she suffered indigestion with gaseous eructations after meals and 
a sensation of fulness in the epigastrium Two years before we saw her, she noticed for 
the first time a generalized pruritus followed by a progressively deepening jaundice She 
also noted anorexia, clay-colored stools and dark urine, but she had no pain An explora- 
tion of the common duct was made at this time, and the operating surgeon reported that 
the gallbladder appeared normal but that it was distended He found a lesion in the 
common duct, midway between the cystic duct and duodenum, which he believed to be 
malignant, this, however, was not proven by biopsj He opened the duct and drained it, 
leaving the gallbladder in place The patient’s postoperative course was uneventful She 
drained bile for several weeks, after which the tube came out and the sinus tract closed 
The jaundice did not immediately reappear, but over a period of 18 months postoperatively, 
she had occasional transient attacks of painless jaundice Six months prior to admission 
to the New York Hospital, the patient again noticed signs of biliaiy obstruction She 
became jaundiced, lost 34 pounds in weight and had anorexia On admission to the 
hospital she was markedly jaundiced, there was no bile in her stools but bile was present 
in her urine It was our impression, before operation upon this patient, that she had a 
benign stricture of the common duct 

Opemiion — September g, 1938 A distended gallbladder was found which contained 
grayish fluid On palpation, the common duct was extremely hard and slightly irregular 
in outline from where it entered the duodenum to a point just above its junction with the 
cystic duct Above this point the biliary tract was distended An incision was made into 
the common duct and yellow bile obtained A section of the indurated portion of the duct 
was removed for microscopic examination, which failed to show malignancy but was 
thought to consist of fibrogranulomatous tissue A rubber tube was inserted into the 
patent portion of the common duct and through this the entire output of bile drained for 
87 days All the bile was collected and ingested by the patient 

Second Opoatwn — December 5, 1938 A lateral-transverse choledoduodenostomy 
was performed as follows The common duct was freed from adjacent structures from 
the junction of the hepatic ducts to the cystic duct The duodenum was mobilized and 
displaced upward by incising the peritoneum posteriorly along its second portion near the 
common duct The site in the common duct selected for the anastomosis was about 2 cm 
from the bifurcation and the site in the duodenum, 10 cm from the beginning of its second 
portion , these areas of the two structures were held in approximation by stay sutures 
An anastomosis was then made between the duct and duodenum by the technic described 
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by Halstecl for gast: o-cnterostoniy The opening into the common bile duct was longi- 
tudinal and that in the duodenum transverse A fine silk, continuous suture brought 
the serosal surfaces together, while a continuous lock suture of No oo catgut included all 
la3'ers of duodenum and common duct Fine silk was used foi mattress sutures Upon 
completion of the anastomosis, a stoma, about i cm m diametei, could be demonstrated 
between the two structures (Fig 2) The wound was closed without drainage The 
postoperative couise was satisfactory and, during the four months since operation, the 
patient has been free of sjmptoms and has regained her original weight Her icteiic inde\ 
IS noimal 


I 


A 


B 




L 

Fig 2 — Lateril Transverse Choledoduodenostomv A Duodenum approximated to 
common duct by continuous sutuie of arterial silk Mattiess sutures hare been placed 
Lines indicate incision B Anastomosis nitli incisions and posterior wall completed 

In justification of the pioceduie desciibed, and in answei to the ciiticisin 
that infection might tiavel up thiough the stoma from the duodenum, it may 
be said that the contents of the duodenum tend to flow thiough the mesenteiic 
portion of the lumen and, theiefoie, theie is little danger of leflux of pai- 
tially digested food into the common duct 

It may be of inteiest to describe some simple aids which we have employed 
with some success in suigeiy of the common duct Since it has become 
known that bile taken by mouth replaces to some degi ee the bile lost fi om the 
intestine by obstruction of the common duct, it seemed impoitant to devise 
a simple method for the collection and preseivation of bile from a biliary 
fistula The draining sinus, usually located in the upper pait of the light 
upper quadrant, is covered by a rubbei cup such as is used by urologists to 
collect urine from a ureteial fistula To make them adheie closely, the skin 
and rubbei surfaces are cleansed thoroughly and coated with tincture of 
benzoin The cup is kept immobile by an elastic belt If the belt or the cup is 
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placed too high so that the patient is made uncomfoi table by piessure over 
the costal maigin, he will be tempted to slip them down Once the cup is 
dislodged fiom its oiiginal position, a watei -tight junction is jeopardized 
The rubbei outlet tube leads fiom the dependent portion of the cup to a 
uiinal bag which the patient wears on his light thigh This bag, enveloped 
in a cloth sack, is kept in place by a stiap woin over the shoulder It has a 



Fig 3 — Collection of Bile from a Bili Fig 4 — A 50 cc burette on an adjust 

ary Fistula The rubber cup, held m place able support serves as a reservoir to vary 

by an elastic belt, receives the bile from the pressure within the common duct 

the fistula, which is then delivered into a 
rubber bag 

capacity of 250 cc , which necessitates emptying it four times during 24 hours 
(Fig 3) At night, the diainage of bile has been found to be considerably 
less 111 amount but more concentiated than by daj'-, therefore, the patients 
must be insti ucted to collect the night as well as the day drainage At night, 
the rubber tube leading from the cup is connected to a bottle suspended at the 
side of the bed Since, in the 1 ecumbent position, the cup is likely to overflow 
and the bile leak out betiveen it and the skin, the bottle is supplied with low 
grade suction by an attachment to a Avater faucet 

The bile is stored in glass receptacles and placed on ice It should be 
filtered to remove debris and pus, but need not be treated Avith presen'-atives 
The patient ingests the bile between meals m five or six equal parts during the 
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24 houis The aveiage output of bile in a normal subject, weighing 150 pounds, 
IS between 800 and 1,400 cc dunng 24 houis (Chart i) 

An obsti uction in the distal poition of the common duct which persists 
aftei exploration and lemoval of stones is not an infrequent occurrence It is 
believed to be caused eithei by edema 01 spasm in the lower portion of the 
duct 01 at the ampulla The edema probably is due to infection , physiologists 
have not as yet explained spasm in the 1 egion of the ampulla of Vater Certain 
clinicians'* have lecommended mstiumental dilatation of the ampulla at the 
time of exploration in order to pi event later spasm This pioceduie is con- 
sidered too dangerous because of the possible injury to the duodenum Our 
expel lence indicates that the mtioduction of sufficient pressure into the 



Chart i — Hosp No 43,525 Bile output, from a male, age 67, as collected, by the 
method described, over a period of 86 dajs 


drainage tube to forcefully dilate the lowei segment of the duct is also conti a- 
indicated It tends to increase the intiaductal piessme in the fine biliary 
tiibutaries in the liver and, theieby, to suppress the secretion of bile A much 
less hazardous method has been employed by us in handling this situation It 
requires a graduated bui ette, 50 cm in length, connected to the rubber drain- 
age tube in the common duct (Fig 4) The burette is filled with saline solu- 
tion and, by raising or lowei ing it on an adjustable support, the pressuie can 
be reduced or inci eased at will Ten to 15 cc of pressure usually suffices to 
oveicome the obstruction at the lowei end of the duct 

A very promising contribution to suigery of the biliary tract, and of the 
common duct in paiticular, has been the introduction of vitamin K and bile 
salts for the prevention and control of hemorrhage in jaundice In jaundiced 
patients, the clotting and bleeding times are usually normal, but the clot re- 
tracts poorly and is fi agile, thus, it does not seal the open end of the vessel 
well and bleeding follow^s straining or coughing The fundamental defect 
which causes this condition was found to be a deficiency m prothrombin m 
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the blood, and a test has been devised to determine the amount of this substance 
piesent It was demonstiated that if prothrombin is reduced to 30 per cent, 
or less, of the noimal quantity, theie was a marked tendency to bleed 
Further, it was found that chicks on a deficient diet developed a hemoiihagic 
tendency which could be overcome by a substance contained in alfalfa, which 
nas detei mined to be vitamin K Dogs with a biliaiy fistula showed a similar 
tendency to bleed In both expei imental animals, the administiation of 
vitamin K and bile salts b}’' mouth led, almost invaiiably, to an elevation of 
the prothrombin level and a coriection of the bleeding tendency 

Absence of bile fiom the intestinal tiact intei feres with the digestion and 
absoiption of fats Vitamin K, which piobably is a steiol and soluble in 
lipoids, therefoie, lequiies the presence of bile salts to make it effective, foi 
^Mthout them it will not be absorbed from the intestinal tract into the blood 
stieam, and will not, theiefoie, reach the liver, where, it is believed, it is con- 
vened into prothrombin 

In view of these findings by diffeient investigators thioughout the country, 
ne have felt that any patient nith jaundice who requires operation should have 
a prothiombin detei mmation If the prothiombin level is below 60 per cent 
of normal, vitamin K and bile salts should be administered Depending on 
whether the livei has been damaged 01 not, theie will be a use m the pro- 
thrombin level to noimal and a reduction in the tendency to bleed When 
theie IS marked damage to the Iner, this return to normal will proceed moie 
slowl) , if at all 

An interesting repoit of clinical experiences with the administiation of 
vitamin K and bile salts fi om the Mayo Clinic shows that of 28 patients with 
jaundice, to wdiom this therapy w^as admmisteied before and after operation, 
only tliiee bled at all, and those not severely Of 14 cases to whom bile salts 
and vitamin K w ei e not given, 64 pei cent bled after operation 

During the past few^ yeais, clinical and laboratoiy investigations on jaun- 
dice have been earned on in oui depaitments of Suigery and Pathology, wdiich 
confirm the findings of othei investigators Two patients have been selected 
from 17 jaundiced cases, as examples of the clinical value of bile salts and 
vitamin K The comse of then disease is shown m Chaits 2 and 3 The 
fiist case IS typical of untieated jaundice— low^ered prothiombin level— bleed- 
ing tendency — hemorrhage and death (Chart 2) The second case had 
deficient prothrombin, but by the administration of bile salts and vitamin K 
It was elevated before operation , however, it fell after the operative proceduie 
Toivard the end of her long stay in the hospital, the couise of the piothrombm 
content of the blood was upward without therapy (Chart 3) The third 
chart IS that of a patient with biliary obstruction who responded well to 
therapy (Chart 4) 

The credit for this mteiesting and valuable contiibution to surgeiy of the 
common duct belongs to Dam,^® Greaves and Schmidt,"® Quick, Stanley- 
Brown and Bancroft, Kugelmass,^ Almquist and Stockstad,® Brinkhaus,^ 
Smith and Warner,® the Mayo Clinic^® and Andrus, Moore and Lord “ 
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CASES ILLUSTRATING THE USE OF VITAMIN IC AND BILE SALTS 
IN COMBATING THE HEMORRHAGIC TENDENCY IN JAUNDICE 

Dunng' the jiast few yeais, clinical and laboratory investigations dealing 
with jaundiced patients have been cairied on, in the departments of Surgery 
and Pathology of the Cornell Medical College and the New York Hospital, 
by Doctois Audi us, Mooie, and Loid, and the following data have been 
obtained fiom them Chaits of thiee patients aie presented One of the 
patients selected vas studied befoie vitamin K was available (Chait 2) and is 
offeied for compaiison with two jaundiced jiatients who received vitamin K 



Charts — Hosp No 1^2,262 A nundiced pntient studied before Mtaniin 
K was available Transfusions and bile salts completelj failed to control the 
increasing hemorrhage 


and bile salts (Charts 3 and 4) These two patients weie selected fiom a 
group of 17 who weie jaundiced, had a loweied piothiombin, and were con- 
sideied, therefoie, as having a tendency to bleed These were tieated with 
Antamin K and bile salts , none bled seiiously after opeiation (The complete 
study will be published later ) 

In reviewing what has taken place since the intioduction of choledochotomy, 
less than 50 yeais ago, we may find some encouragement m the realization 
that important lessons have been learned We know the value of a thoiough 
exploration of the extiahepatic biliaiy tiact in primary operations for disease 
of the gallbladdei , we have, m the majority of cases, abandoned cholecys- 
tostomy m favor of cholecystectomy When the common duct is opened and 
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exploicd foi stones, we kllo^^ that the patient’s best inteiests aie seived if the 
duct IS di allied We have learned that a tendency to bleed in jaundice may 
be lessened by collecting the low piothionibm content of the blood and that 
this may be accomplished by administeniig vitamin K and hilt salts 

These many coiiti ibutions to successful suigeiy of the biliary tiact do not 
answei two fundamental questions — as to how to dimmish the incidence of 
obstiuction of the common duct and how to avoid ovei looking stones In 
legal d to the fiist question, some data which we have assembled may be 
significant The aveiage age of the patients with stones in the common duct 
was ovei 50 yeais, the aveiage age of those who died was 55 7 years, a long 
histoi}'- of symptoms lefeiahle to the biliai}'- tiact vas obtained m 60 pei cent 
of the cases, lecuiient attacks of jaundice followed by peisistent jaundice in 



Chart 3 — IIosp No 121,732 A jaundiced patient with a lower prothrombin, illus 
trating an excellent response to vitamin K and bile salts A fall in prothrombin occurs 
after operation followed by spontaneous reeleiation of the prothrombin level to normal 


these patients suggested the pieseiice of stones in the duct for long peiiods of 
time It IS generally agreed that stones almost never occui m the common 
duct unless they ai e also pi esent m the gallbladder In our experience, thei e 
was not one instance of stones m the common duct associated with a noimal 
or stoneless gallbladder 

These facts would seem to indicate that common duct stones are more often 
associated with the late, rather than with the eaily, stages of disease of the 
gallbladdei Inteiiuption of the piogiess of such disease, by eaily cholecystec- 
tomy, might he expected to pi event the foimation of stones m the com- 
mon duct 

The obstiuction of the common duct which is associated with stenosis 
carries with it a veiy high mortality (33 pei cent m our senes) It is hardly 
necessary to emphasize the need of careful suigical technic m cholecystectomy, 
though the reduction in the incidence of injuiy to the common duct lests, 
almost wholly, upon this admonition Stiictuie and distoition of the common 
duct may lesult fioin faulty jdacement of diains We have found that it is 
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wisei not to attach the lubbei diainagc tube in the common duct eitbei to the 
skin 01 the diessing as is fiequently done, foi with changes in the mtia- 
abdominal piesstiie, and the position of tiie organs which may occui, leeway 
foi adjustment to new positions must he left foi this tube, oi the common duct 
may be hooked up and distoited when the wound heals 

Halsted,^- jR.ichtei and Buchbindei,^"* 50 yeais ago, advocated closing the 
duct and the wound without chainage We feel that until oui surgical technic 
and skill have reached a degiee of peifection which will guaiantee that the 
obstuiction in the duct has been completely lemoved, that the anastomosis is 
faultless , and that the wound, including the bed of the gallbladder in the liver, 
IS free of tiaumatized tissue, we are not justified in omitting diamage aftei 
exploration of the duct 



Chart 4 — Hosp No 43,523 A jnundiced patient \vith a lowered prothrombin is 
given vitamin K and bile salts, followed by an elevation of prothrombin Following 
operation, there is a fall with partial reelevation of the prothrombin, upon additional 
therapy during loss of bile through a biliarj fistula After closure of fistula the 
prothrombin rises 

In consideung the second question, it must be admitted that few surgeons, 
m exploring common ducts for stones, have escaped the embariassment of 
finding that they have overlooked one This accident occurs, even when all 
known devices to locate them have been employed Some of these aids in 
exploiing the duct for stones may, briefly, be enumeiated Careful palpation 
before and after opening the duct obviously is of gieat importance When 
opened, the lower poition of the duct should be explored fiist, so as to allow 
stones in the upper portion to be earned down by the flow of bile The intro- 
duction of small olive-tipped silk catheteis, through which the duct may be 
irrigated with saline, has been advocated by Cheever Free iiiigation into 
the duodenum with saline — not always easily accomplished and sometimes 
impossible — ^also has its place The use of spoon-shaped scoops and forceps 
is of value in removing stones that have been found, but is of no great benefit 
in locating the elusive stone The introduction of a small electric lighF® into 
the duct has merited some credit in our hands, by identifying several stones 
which had escaped notice by othei methods 

Indirect methods of determining the presence of stones in the duct include 
roentgenologic examinations by plain films of the abdomen Giaham’s^® 
cholecystography occasionally reveals a stone in the common duct Visuali- 
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zation of the biliaiy tiee on the operating table with the aid of opaque injections 
lias been advocated The method was first desciibed, in 1925, by Cotte/'^ 
vho used iodized oil His woilc was followed by investigations by Best and 
Hicken/^ who populaiized the use of lipiodol and diodrast foi this purpose 
We have employed these indiiect methods as accessoiy procedures, when 
caieful exploiation by othei methods failed to leveal stones in patients in 
whom A\e suspected them to exist These aids, howevei, are not infallible 
Unfoi tunatel}^ this question of overlooking stones has not been satisfactoi ily 
ans^^eled as yet 

SUMMARY 

An analysis is given of 112 cases of exploiation of the common duct for 
obstiuction Twenty-tv o of the patients had acute cholecystitis at the time of 
opeiation, 78 had chionic cholecystitis, and 12, stenosis or obliteration of 
the common duct 

A description of t\\ o methods foi the ti eatment of stenosis of the common 
duct IS given 

Some Simple methods in the ti eatment of patients with jaundice are 
desci ibed 

Tyo questions aie piopounded which have not as yet been satisfactorily 
solved 
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Discussion — Dr Condict W Cutler, Jr (New Yoik) said that 
Doctoi Glenn’s paper was timely and piesented much food for thought First, 
with regal d to the piactical consideiation of dealing with the common duct 
m cases of jaundice, it is undoubtedl}'^ true — and lests within the clinical ex- 
pel lence of all surgeons — that stones haA'e been left in the common duct by 
leason of a failiiie to exploie it except by palpation Most surgeons are ex- 
ploiing the duct moie fiequently than formerly It is tiue that the common 
duct stone is often elusive to palpation, and that wheie its piesence may be 
reasonably suspected, opening of the duct must be undei taken Probably the 
history of lecuning jaundice, where there is 01 has been a stone-bearing gall- 
bladder, IS the most leliable criteiion foi the need of this maneuvei 

Stenosis 01 strictuie of the common duct, as the result of a pievious opera- 
tion, may cause jaundice without the piesence of stones As Eliot has shown, 
blocking may also occur by reason of a variety of mechanical effects (other 
than malignancy) where stones have not been piesent Where such is the case 
correction of the pathology will suffice to cuie the difficulty without need of 
opening the duct When stones are, or haA'e been present, m the gallbladdei 
with subsequent blocking of the duct, exploiation alone will give assurance of 
their absence, even though adhesions or scan mg may seem to explain the 
phenomenon Dmsmore says that 30 pei cent of cases of jaundice aie due to 
stones, and 30 pei cent to cai cinoma 

It must be agieed that when the common duct has been ojiened foi exploia- 
tion it is safer to dram it In Doctoi Cutlei’s opinion it is desirable, also 
in these cases, to mseit a lubbei tube fenestiated diain m the legion of Mom- 
son’s pouch, as lecommended by Whipple The T-tube in the duct is nevei 
watei -tight and some spilling is bound to occur This is paiticularly tiue if 
any means is adopted, as recently adAmcated on somevhat theoretic giounds, 
to control mechanicallv the late of drainage of bile in an effoit to avoid too 
rapid decompression of the biliai y system The spill must have fi ee and ready 
access to the surface until the formation of a tiact shall haA^e protected the 
peritoneum fiom bile invasion For facilitating the leinoA^al of the T-tube, 
notching it at the junction of the aims is most helpful This avoids damage 
to the duct Avhen the tube is pulled out Also, the tube must not be too stiff 
Ochsner’s flexible piobe has pioA^en the most useful instrument for exploring 
the patency of the ampulla 

Of great importance is the matter of pieparation of the jaundiced patient 
for operation The use of bile salts preopeiatively, supplemented Avith Auta- 
min K, especially Avhen the diet has been deficient, is fulfilling its promise as 
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a useful safeguaid against bleeding thiough its effect on piothiombin The 
status of calcium as a deteiient to hemoiihage is debatable Almost ceitainly, 
It does no haim, and Doctoi Cutlei said that he continues to use it as a pos- 
sible help In the enthusiasm foi newei aids, older ones must not be lost 
sight of The pieliminai}^ supply of adequate fluids foi the patient’s tissues, 
by lepeated infusions befoie opeiation, is still an essential So also is the at- 
tempt to aid the damaged livei by pioviding, thiough the use of glucose m the 
infusions, an adequate gl} cogen leseive Tiansfusions is of notable aid to 
the jaundiced patient After opeiation, intioduction of the Levine tube has 
been found helpful in conti oiling vomiting and relieving gastiic distention 
It IS coming into fiequent use as a piopltylactic measuie 

These practical measuies, ucaa and old, plus such technical care and in- 
genuit} in the peifoimance of the opeiative pioceduie as Doctor Glenn has 
advocated in his papei, will continue to bung about improvement as legards 
inoibidit} and moitalit}' in this gioup of senousl}' ill patients 

Dr Frvnk Glekn (closing) said that he had been influenced to exploie 
the common duct on slight indication in the hope that a stone would not be 
o\ei looked He felt that choledochotoni) should be undei taken when theie is 
a demonstiable cholelithiasis oi a liistoi} oi cholecystectomy with one or moie 
of the follownng indications piesent (i) When stones aie palpable m the 
common duct (2) When theie is a histoiy ot progiessive 01 of lepeated 
attacks of jaundice (3) WHien the common duct is dilated (4) Sometimes 
when the head of the pancieas is mduiated 

A histoiy of jaundice is sometimes misleading An mduiated common 
duct may appeal slightly distended, as seen m acute cholecystitis There may 
be an icteius index of 30 without common duct obstruction An accuiate 
histoiy is of gieat impoitance m consideimg exploiation of the common duct 

It IS encoui aging to note that since the introduction of vitamin K and bile 
salts during the pieopeiative peiiod, 17 patients with maiked jaundice have 
been subjected to operation wnthout significant bleeding 
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Since publishing'* an account of six cases of mesenteric C3fsts and one case 
of omental cyst, operated upon without moitality, it has been my privilege to 
opei ate upon another omental cyst, and latei upon an entei ogenous cyst, not, 
howevei, intiamesentenc in position The patient to be shown to-night was 
Case 4 in the sei les ah ead)'’ reported * 

Case Report — S S , male, age 55, born in Russia, was admitted to the Post-Gradu- 
ate Hospital, Octobei 15, 1929, complaining of giadual loss of weight (15 pounds) and 
strength, increasing constipation, with subacute attacks of intestinal obstruction Appetite 
poor, digestion fair, some nausea, but no actual vomiting No blood 01 pus m stools 
Symptoms began about si\ months ago After roentgenologic study of the gastro-mtes- 
tmal tract, in a Brooklyn hospital, a diagnosis was made of “carcinoma of the ascending 
colon ’’ 

Physical E\aimnalwn revealed nothing of importance except upper respiratory irri- 
tation from excessive smoking of cigarettes The abdomen showed considerable tume- 
faction on the right side about opposite the umbilicus, and the diagnosis of carcinoma of 
the colon seemed probable 

Opciatwii — October 17, 1929 Undei spinal anesthesia, the abdomm was opened 
through a right rectus incision A large, bard mass was immediately encountered, but it 
was found to involve the ileum and not the large intestine Coils of small intestine were 
adherent about the tumor, which, at the time of operation, was thought to be a new giowth 
111 the ileum, with extensive metastases in the mesentery The involved bowel and mesen- 
tery were resected widely, followed by an end-to-end suture anastomosis The patient 
stood the operation well, but convalescence was stormy He made a good recovery finally, 
except for an incisional hernia 

Pathologic Rcpoit (Dr Nicholas M Alter) Gioss — “Specimen consists of a large 
portion of the small intestine with mesentery attached It measuies 280 cm (about nine 
and one-half feet) m length The loops of the small intestine are moderately distended 
and are firmly adherent to a central mass winch seems to come up from near the ileum 
about 15 cm from the surgical stump of the ileum and from this extends into the mesentery 
which IS adherent to the other loops of the intestine This mass is very hard in con- 
sistency' and measures about 10 cm 111 diameter On opening the bowel, no obstruction is 
encountered The lumen of the ileum is free From the ileum a cystic cavity is opening 
which has an orifice 6 cm 111 diameter This leads into a somewhat larger cavity which 
contains a great deal of greenish vegetable matter, a large amount of mucus and broken- 
down necrotic material and the wall is covered with a polypoid growth which is very haid 
at the base and on section shows a giay translucent appearance The growth is very hard, 
almost cartilaginous ” 

Mtci oscopic — Section of the growth shows neoplastic prohfeiation of small polygonal 
cells with laige vesicular nuclei The cells are quite anaplastic, show great variety of 
size and shape and form a rather diffuse growth There is a suggestion only heie and 
there of glandular structures and there is a vascular stroma The growth ulcerates ovei 

’•'Read before the New York Surgical Society', March 8, 1939 Submitted for publi- 
cation April 18, 1939 
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the mucosa and infiltrates the muscle layer, but has a rathei sharp border Pathologic 
Diagnosis Embrjonal carcinoma of mesenteric cist 

Comment — Doctor Altei’s microscopic lepoit in which he says “the 
giOMth ulceiates ovei the mucosa and infiltiates the muscle layer,” and the 
obseiiation that theie Mas an opening' fiom the ileum into the cyst leads us to 
beheie that M’^e had to deal Moth an embryonic mesenteiic cyst, of intestinal 
oiigin. Mdnch subsequently undeiMcnt malignant degeneration Cystic malig- 
nant disease of the mesentei} is not uncommon, but malignancy developing 
111 an enterogenous mesenteiic cyst is both mteiesting and lare I can find no 
1 ecoi d of a similai case It is gi atifymg to have the patient i emam M^ell (except 
foi the incisional hernia), foi neaily ten yeais attei a massive intestinal resec- 
tion foi the lemoval ot an enteiogenous mesenteiic cyst Mdnch had become 
malignant 
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Mesenteric cysts occui somewhat moie fiequently m the female than in the 
male sex They have been found at all ages — in the fetus and m an octo- 
genarian They may be single or multiple, uniloculai or inultilocular, and may 
vary in size from that of an olive to enormous growths filling the abdominal 
caAuty 

Preoperative diagnosis is seldom made, since there are no signs or symp- 
toms pathognomonic of mesenteric cysts In my senes a correct preoperative 
diagnosis was made only in my fifth and sixth cases 

Intestinal obstruction, either acute or chronic, is the most important and 
frequent complication of mesenteric cysts Other complications are (i) 
Hemorrhage into the cyst, (2) torsion of the cyst, and (3) rupture of the 
cyst The original histologic picture may be so altered from hemorrhage, 
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piessuie, inflammation oi malignant degeneiation that it is difficult for the 
pathologist to lendei a satisfactoiy repoit as to the oiigin and stiiicture of 
the cyst 

Tiue mesenteiic cysts aie not malignant, parasitic, oi tubeiculous, theie- 
foie, we must sepaiate all cysts of the inesenteiy into two gioups 

I Emhi yomc (a) Cysts aiising fiom embiyomc lemnants and sequestrated 
tissue — (i) seious, (2) chylous, (3) sanguineous, and (4) deimoids 

(b) Cysts of intestinal oiigin — (i) by sequesti ation fiom the bowel din- 
ing development, (2) fiom Meckel’s diveiticuluin, when it aiises fiom the 



I _ 4 

Fig 2 — Shows multiple c>sts of the mesentery, of embr>onic origin 


concave side of the bowel or (as Millei has added) acquired an inti amesentei ic 
position 

(c) Cysts arising fiom urogenital organs (germinal epithelium, ovary, 
Wolffian body, or mullerian duct) 

II Pseudocysts (i) Of infective oiigm — hydatids, and cystic degeneia- 
tion of tuberculous nodes, (2) cystic malignant disease 

The treatment of mesenteiic cysts can be considered under the following 
headings (i) Enucleation, (2) removal of cyst, with bowel resection, and 
(3) maisupialization-drainage 

(i) Enucleation This is the ideal opeiation and should be the method of 
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Fig 


6 — Shows the suture of the mesenteric incision for bringing raw mesenteric 
surface into contact with the remains of the cyst wall 
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choice when and wheie it can be accomplished without damage to the bowel 
01 to the vasciilai supply theieof Enucleation could be peifoimed m but one 
ot my cases 

(2) Removal ot Cyst with Bowel Resection By lesection is meant the 
extiipation of the cyst oi cysts and the lesection of the involved bowel, with 
the establishment of some type of intestinal anastomosis This opeiation is 
often called foi — piobably in one-touith to one-third of the cases encountered 
Unfoi tunately, the moitality following resection is high — about 6o per cent 
This can be explained by the fact that many of the emeigency opeiations in 
which it IS done aie peifoimed toi the leliet of acute intestinal obstiuction, oi 
in the presence of acute peiitonitis It is indicated wdien a successful enuclea- 
tion cannot be completed and wdien niaisupiahzation-drainage does not lelieve 
or IS apt to be follow^ed b} intestinal obstiuction Resection w'^as peifoimed in 
tw'O of my six cases 

(3) Marsupiahzation-Dianiage When the size of the cyst, dense intes- 
tinal adhesions, oi other complications make the lemoval of the tumor a 
dangerous procedure, then some form of diainage of the cyst is called for 
Simple wnck oi tube drainage is, m my opinion, mfeiior to gauze packing of 
the cyst caMty Caitei,^ Swaitley"’ and others consider maisupialization obso- 
lete, save in veiy exceptional instances Flynn- thinks it applicable only in 
parasitic cysts oi in laige uniloculai cysts wdieie the removal of the tumor is 
extremely hazardous Despite the immediate theoietic dangers (of infection, 
peritonitis, intestinal obstiuction) and the possible i emote complications (le- 
currence of the cyst, peisistent sinus, henna, late intestinal obstiuction, etc ), 
a study of the many isolated case lepoits m wdnch this method wi’as employed, 
with both early and late good lesults, is convincing pi oof that the objections 
to It aie more fanciful than leal It should nevei be employed m deimoid 
cysts 01 as a makeshift oi “way out’’ when enucleation can be accomplished oi 
when bow^el resection is indicated It is i datively safe and simple, with a 
mortality and a morbidity that is sui pi isingly slight Marsupialization-drain- 
age was employed in two of my cases 

Is there no other plan of suigical tieatment to be employed, wdien enuclea- 
tion cannot be accomplished, when bow^el resection, with its high mortality, 
should be avoided, and when drainage, with its pi oti acted convalescence, is 
deemed inadvisable? In my first case, enucleation of a mesenteric cyst could 
not be completely accomplished without saciificmg a lelatively large blood 
vessel, which was feai ed wmuld result in gangrene of a small area of intestine 
Rather than perfoim a bow^el lesection, the inajoi portion of the cyst w^as re- 
moved, leaving behind only a small segment containing the blood vessel Car- 
bolic acid (followed by alcohol) was applied to the strip of cyst membrane, 
which was bi ought up to the abdominal incision, and the wound w^as closed, 
except for a small gauze dram wdnch went dowm to the remains of the cyst 
Healing was prompt, and without sinus formation or lecuirence of the cyst 
In selected cases of single, thin-w^alled, serous, sanguineous or chylous cysts, 
the removal of the greater pait of the cyst membrane, wnth closure of the inci- 
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Sion in the niesenteiy, Ininging the lemannng segment of cyst m contact with 
law suiface of the mesenteij^, will, it is believed, piove a successful procedure 
The abdomen could then be closed, in the majoiily of instances, without 
drainage 
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Discussion — Dr Funwick Beckman (New York) said that on the 
Children’s Suigical Seivice at Bellevue Hospital theie had been two cases of 
mesenteiic cysts One, a case of chylous cyst, which could not be excised, was 
maisupialated and finally the wound healed It was felt there piobabty would 
be a lecurience but, so far as is known at piesent, there has been none The 
second case occuried m a little giil operated upon by Doctor Beekman some 
yeais ago, and presented before this Society, which proved to be an enterog- 
enous cyst situated at the angle of the ileum and the ascending colon The 
child was admitted to the hospital with chionic intestinal obstiuction The 
diagnosis, at that time, was chionic intussusception At opeiation this cyst 
was found, and an attempt was made to enucleate it During the enucleation 
it was opened and found to contain a veiy thick mucus Failing to enucleate 
it. Doctor Beekman mai supialized the C 3 ''st, and sutui ed its wall to the abdomi- 
nal wall Two or three days later feces weie discharging through the mar- 
supialized cyst All mesenteric cysts of enterogenous nature aie claimed to 
arise from a diveiticulum — the mucous membiane being foiced out through 
the fibers of the musculans and carrying serosa with it, so that finally it forms 
a cavity outside the lumen of the intestine, and finally the connection with the 
lumen is obliterated entirely and the cyst becomes isolated This cyst, 3vhich 
Doctor Beekman leported, one might say was in a stage of isolation Doctor 
Peterson has given us a veiy inteiestmg classification of these cysts Doctor 
Beekman said he had always looked upon tine mesenteric cysts as of three 
types chylous, enteiogenous and deimoid 
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Charlotte, N C 

Probably the fiist lepoit of a case of leukoplakia involving the vulva was 
made by Weir,^® in 1875 Ten yeais latei, Bieisky^ described an ati opine 
shi inking of the skin involving the labia niinoia, frenulum, and chtoiis to 
which he gave the name kiauiosis Szasz^® expressed the opinion that both of 
these conditions weie manifestations of a single process Berkley and Bou- 
ncy- veiy emphatically disagieed with Szasz and afihimed that the two condi- 
tions were uni elated As time passed, many authois described similar patho- 
logic processes and almost mvaiiably gave a new name to the condition In 
1923, Taussig"^^ lecommended the name leukoplakic vulvitis, which he felt 
was descriptive of the moie important pathologic manifestation of the disease 
In 1929, Graves and SinitlP- thoroughly reviewed the subject and selected 
the name kiauiosis They fiankly admitted the inadequacy of then choice of 
name, but justified their selection on the giound that kiaurosis was a more 
familiar term to the piofession Adair and Davis^ felt that leukoplakia and 
kraurosis weie symptoms 01 stages in one piocess and desenbed the disease 
as atrophic dei matitis of the vulva In the recent hteratui e some writei s cling 
to the more famihai term krauiosis, while others piefer the title leukoplakic 
vulvitis, and still others compiomise on a combination of the two terms and 
wiite of leukokraurosis 

Much of the confusion suiiounding this disease is due to the fact that its 
etiology IS not definitely known Adair and Davis, and Graves and Smith 
emphasize the importance of inflammation as an etiologic agent Taussig^^ 
believes that m some women, m 01 aftei the menopause, a special disturbance 
of ovarian secretions causes a complete disappeai ance of the elastic tissue m 
the upper layeis of the skin of the vulva about the introitus This leads to 
greater friability of the skin and minute breaks m its continuity through 
which bacteria gam entiance, pioducmg a low giade inflammation The re- 
sulting exudate causes piuiitus The tiauma of nibbing 01 pressing produces 
moi e cracks and more infection , and the vicious circle progi esses until changes 
of kraurosis have been produced 

There is considerable evidence that an ovai lan dysfunction 01 cessation of 
ovarian hormonal activity is an important factoi m the etiology of this condi- 
tion In the first place, it usually begins at or soon after the menopause The 
average age of 121 reported cases was 53 4 3'eais In the second place, vhen 
It appears m younger women it is associated with evidences of ovarian dysfunc- 
tion In Goldberger’s^^ series the youngest patient was 29, but she had never 
menstiuated One of Johnson’s^'^ patients, age 33, had always menstiuated 

* Read at the Fifty-second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December s, 6, 7, 1939 
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veiy iiiegulaily Taussig'*^ repoited the case of a young woman, age 26 
She began to stifter with piuiitus at the age of 13, but her menstrual histoiy 
AAas noimal He obseives that possibly the explanation lies m the develop- 
mental abnoimalily localized about the skin of the vulva due primarily to 
alteiations of the pituitaiy hoimone One of my cases was 29 yeais of age, 
but several years pieviously she had been subjected to a bilateial oophorec- 
tomy 

Theie aie seveial questions that must be answered befoie one is justified 
m accepting the deficiency of ovaiian hoimone as the sole cause of the dis- 
ease Since eveiy woman lacks ovaiian hoimone aftei the menopause, one 
would expect the disease to be the rule, not the exception , and yet Adaii and 
Davis encounteied leukoplakic vulvitis in only 23 instances among 9,682 
gynecologic patients examined foi the first time in the University of Chicago 
Clinic an incidence of 0 24 pei cent 

The second question that aiises is why aie the manifestations of the dis- 
ease confined to the skin about the vulva and anus^ Is there evidence that 
ovaiian hormones have some peculiar effect on the skin of this legion^ 
Loesei-® showed that during pregnancy hormones aie deposited in the skin 
by means of the blood stieam He also calls attention to the fact that baboons 
have a menstiual cycle which is leiy similai to that of the human female 
Dm mg the actual menstruation a slight swelling of the anal and vaginal zones 
becomes appaient This swelling giadually mci eases during the following 
two weeks and culminates on the fourteenth day as a tuigid edema It is evi- 
dent that this manifestation of estrus appearing m the genital skin is the result 
of activity of folliculai hoi mone Petei s and Macbeth-"* believe that although 
the human female does not possess an external “sexual skin” highly sensitive 
to estrogenic stimuli as do ceitain apes, it does not follow that ovarian 
hormones have no effect on the morphology and vasculaiity of the skin of the 
vulva and the rest of the body Ciuickshank and Sharman'^ believe that the 
deposition of glycogen m the vaginal epithelium is dependent upon ovarian 
activity Lewis and Weinstein^** pioduced acidity of the vaginal secietions by 
the administration of estrm Papanicolaou and Shoii-- found that treat- 
ment with oval lan hormone showed definite changes in the vaginal epithelium, 
and Foss^® contends that estiogen is necessaiy foi the giowth, development, 
and health of the genital skin, on which it has specific effect 

The conclusion to be diawn fiom the work of these and other obseiveis is 
that normally ovarian hoimone exeits some piotective influence ovei the 
genital skin, and that in ceitam women the withdiawal of the hoimone le- 
sults m an inflammatory process with leukoplakia and krauiosis as its piin- 
cipal gloss manifestation, and jjiuiitus its chief symptom Such a rationaliza- 
tion of the etiologic jDiocess may be logical, but it is ceitainly open to cnticism 
Theie must be othei factors, as yet unknown, that are impoitant etiologic 
agents in the pioduction of this disease 

It has been the experience of most obseivers that the symptom that sends 
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most of these patients to a physician is a very sevei e and intractable prui itus 
So intense is this pruritus that many of the patients are isolated from social 
contacts To add to then miseiy, the associated excoriations and fissures be- 
come secondarily infected with burning, stinging, soieness, and dyspaiunia 
Graves and Smith found that in then senes of kiauiosis the symptoms com- 
plained of were, m ordei of frequency, buining on micturition, pruritus, pain 
and iriitation of the vulva, vaginal dischaige, burning of the vagina, and 
buining on defecation 

The physical findings are quite chaiactenstic Eaily m the disease the 
tissues about the chtoiis, labia mmoia, inner margins of the labia majora, 
and at times the perianal skin, appear slightly edematous and dusky led m 
color (Jayle) As the disease pi ogresses leukoplakic spots appear, and the 
skin becomes pale, thin and shining, and maned heie and there with fissuies 
and excoriations Still later, the skin i esembles pai chment, thin and shrunken, 
and the labia minora are atrophic or obliteiated entirely Berkley and Bon- 
ney divided leukoplakia into four stages First, reddening, swelling, excoria- 
tions, and dryness , second, retraction, thickening, and whitening of the tis- 
sues, third, fissures and ulcers with dischaige and at times bleeding, fourth, 
complete involution, the skin suiface is smooth, shiny, and white 

Taussig^® believes there are two basic phases of the disease, the hypei- 
tiophic and the atiophic In a piogressive disease the histologic picture natu- 
rally changes as the disease advances In the eaily stages there is thickening 
of the keiatiii layer with parakeratosis The epithelial layer is wider than 
normal and the papillae aie elongated (acanthosis) The eleidm layers ap- 
pear very distinct Theie is consideiable hyperemia and round cell infiltra- 
tion m the connective tissues As the disease pi ogi esses the parakeiatosis 
yields to a hyperkei atosis The eleidm layer becomes daik, almost black 
at times, and the acanthosis disappears The hyperkeratosis peisists The 
thickened epithelial layer gradually thins until in advanced cases the stratum 
germmativum may consist of a very narrow layer of cells In the connec- 
tive tissue the lound cells appeal m fairly well circumsciibed aieas, and theie 
are marked collagenous changes Taussig has stated that the late atiophic 
stage IS not an abrupt change There aie gradations between it and the hypei- 
plastic stage so that ai eas midway between the two are commonly found 

It IS often difficult to differentiate leukoplakic vulvitis fiom numerous 
other conditions associated with piuiitus Elizabeth Hunt^-^ believes that 
many cases repoited as leukoplakia are m reality lichen planus Bonney"’ 
describes two conditions, lepidosis vulvae and leukoderma vulvae, which are 
frequently confused with leukoplakia Adair and Davis insist that all condi- 
tions which engender itching of the vulva, such as yeast or fungus infection, 
parasites, neurodermatitis and syphilis, must be luled out In a most en- 
lightening article, Ketion and Elhs^'^ show the gioss and histologic similarity 
between kraurosis vulvae and scleroderma circumscripta They conclude 
that leukoplakia of the vulva is frequently superimposed on various patho- 
logic processes whether primarily of a degenerative or inflammatoiy nature 
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Table I 

COLLECTED SERIES OE REPORTED CASES OE LEUKOPLAKIC VULVITIS SHOW- 
ING ITS RELATIONSHIP TO CARCINOMA 



Number of Cases 

Number of Cases 

Author Leukoplakic 

Showing Malig- 


Vulvitis 

nancy Present 

Taussig^^ 

79 

39 

GoldbergerD 

8 

2 

Drant® 

5 

3 

Rigby=<5 

4 

4 

Totals 

96 

48 A'lahg 50% 

Leukoplakic vulvitis is 

a disease of majoi iinpoi tance because it is definitely 

pi ecancerous condition 

A glance at Table I will show that in a senes of 


cases of leukoplakic vulvitis leported by seveial autbois, 50 per cent weie 
malignant On the othei hand, if a laige series of cases of caicinoina of the 
vulva are examined, above 30 pei cent will be associated with, 01 aiise from, 
a leukoplakic base Rentschler-^ reviewed 71 cases of pi unary epithelioma 
of the vulva seen at the Mayo Clinic and found that 40 per cent gave a definite 
histoiy of pieexisting piuiitus, but he was able to find leukoplakia in only 
five cases (Table II) Counselloi,® m remaikmg on the extiaoidinaiily low 
figuie, observes that many of these cases had undeigone previous treatment 
by proceduies which unquestionably changed the histologic pictuie 

Table II 

COLLECTED SERIES OE REPORTED CASES OE CARCINOMA. OE THE VULVA 
SHOWING THE RELATIONSHIP OE CARCINOMA TO LEUKOPLAKIC VULVITIS 



Number of Cases 

Number of Cases 

Author 

Carcinoma 

Showing 


of Vu'va 

Leukoplakia 

Taussig®- 

76 

39 

Hoffman'® 

20 

8 

Kearns'® 

17 

4 

Graves and Smith'" 

21 

16 

Goldberger" 

13 

7 

Rentschler®® 

71 

5 

Totals 

218 

79 Arising in 


leuko 36% 


Almost every conceivable form of therapy has been applied m the treat- 
ment of leukoplakic vulvitis Local applications ai e totally inadequate Roent- 
genotheiapy as a method of tieatment is contraindicated Graves and Smith 
have seen evil lesults from roentgenotheiapy and radium, and do not hesi- 
tate to condemn it They believe that its use is illogical as ladiation creates 
in the tissues a sclerotic letraction not unlike that of kraurosis Taussig 
found that none of his cases treated by roentgenotherapy or radium showed 
more than tempoiaiy lelief Of the 23 cases leported by Adair and Davis, 

90 



■\ olumc 112 
Kumbcr 1 


LEUKOPLAKIC VULVITIS 


i6 weie tieated loentgenotheiapy by them or elsewbeie, five leceived tem- 
poiaiy lelief, three weie made worse, and eight leceived no benefit 

Swift-’’ found that a patient suffeimg nith leukoplakia vagmitis had an 
achloihydiia Upon ti eating hei with hydiochloiic acid, the piuiitus gieatly 
improved and the white spots disappeaied Taking advantage of the woik 
of Wolbach and Howe,'’® who found that guinea-pigs which had been fed 
on a diet deficient in vitamin A had vaginae which usually contained accumula- 
tions of keiatmized cells and fiequently a thickened and shaggy epithelium, 
he began to tieat a series of cases with hydiochloiic acid and vitamin A m 
the form of cod hvei oil He was able to follow' 41 of the 42 cases so tieated, 
and he found that the nutation had been lelieved in eveiy instance 

Since leukoplakic vulvitis is distinctly a disease of, 01 after, the menopause, 
and since the }oungei cases are so definitely associated with some abnoimal 
ovarian function, it wmuld seem that a logical line of tieatment wmuld be to 
provide ovarian hoimone m laige doses In the United States treatment by 
this method has been almost umvei sally unsatisfactory 

In Goldbeigei 's^^ 13 cases, female sex hoimone or i oentgenothei apy, or 
both, w'as admmisteied m all but one case In eveiy instance, the lesults 
weie pool Adaii and Davis tieated three cases wnth amniotin One showed 
impiovement, one w'as made wmise, and one w^as not aftected Taussig found 
that endocrine tieatment, in the foim of either h}podermic injections or 
ovarian, lutein or pituitar}^ extracts, failed to pioduce any appieciable result 
In the Biitish literature a numbei of mildl} encouraging repoits aie found 
Witherton and MacGregoi®^ tieated three patients with a mild degree of 
kiaurosis vulvae w'lth 3 mg of stilbestiol (a synthetic estiogen) daily by 
mouth, and desciibed then local and geneial condition as being considerably 
improved Peteis and Macbeth-"* treated a case by combined intravaginal 
and intramuscular ovaiian theiapy with maiked impiovement of the leuko- 
plakia Deanesly and Parkes® showed that longer effect of the hormone 
could be attained by the implantation subcutaneously of tablets of the hoi- 
inone Foss treated 48 cases with injection of estiadiol m laige doses, vaginal 
suppositoi les, local application of an ointment containing estiadiol, tablet im- 
plantation, hydiochloiic acid, and vitamin A He concludes that very few^ 
patients received complete and lasting comfort He feels that the application 
of an ointment containing folliculai hormone is of benefit m the treatment and 
will often lelieve the piuiitus tempoiaiily 

Wilson®" noted impiovement of the leukoplakia and the pruritus m five 
cases he treated with injections of alcohol Mueller,-^ Usher and Campbell,®'’ 
Leai month, Montgomer}'’ and Counsellor’^® advocate the relief of the severe 
piuritus by resection of the sensory neives of the perineum 

Surgery is perhaps the choice of methods of treatment It is necessary to 
lesect the entire area involved, which may requiie the removal of the clitoris, 
perianal skin, the labia minora, and most of the labia majora The wnsdom 
of this piocedure is twofold (i) It successfully relieves the distressing S}mp- 
loins , and (2) it eradicates the piecanceious condition If the disease is ex- 
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tensive, necessitating a wide lesection of the peiineal and iiaiticulaily the 
peiianal skin, there aie two aieas wheie closuie may be difficult Fust, the 
tiiangiilai aiea of skin between the lowei inaigin of the vagina and the anus, 
and second, the appioximation of the skin to the anal mucosa The formei 
difficulty has been lemedied by Taussig, who foims a flap of the posterioi 
vaginal wall, which, when piopeily mobilized, can be drawn ovei the peiineal 
body down to the anteiioi maigin of the anal mucosa wheie it is anchored 
with silk sutuies (Fig i) CattelF’ turns a pedicle-flap from the buttocks 
into the peiineal space, sutuimg it to the vaginal mucosa and to the mucosa 
of the lectum (Fig 2) When it is necessaiy to lesect the perianal skin. 



Fig I Fig z Fig 3 

Fig I — Taussig’s method of closing the denuded area between the vagina and rectum A flap of the 
posterior \aginal wall is pulled over the perineal body and sewed to the anal mucosa 
Fig 2 — Cattell’s method of closing the denuded area between the vagina and anus A pedicle flap 
from the buttock is sewed over the perineal body 

Fig 3 — The author’s method of lessening tension on the anal mucosa after removal of the perianal 
skin A tube pedicle graft from the buttock is utilized 

the anal mucosa must be pulled out under considerable tension m older to 
sutuie It to the skin This often leaves a ver}! unsatisfactoiy condition about 
the rectum Taussig obviates this difficulty by leaving intact a budge of anal 
skin on either side of the anus In one of my-® cases in which theie was 
extensive perianal scarring, the tension was leheved by lemoving the scar 
and grafting the skin of the buttocks over the denuded aiea by using a tube- 
pedicle-graft on either side (Fig 3) 

In the series I wish to leport there are six cases, two of which have been 
previously reported A detailed analysis of these cases will be found in 
Table III The aveiage age for the group was 52 Piuiitus, pain, and sore- 
ness from excoriations weie the chief complaints m every case The clinical 
diagnosis in each was leukoplakic vulvitis, and in every instance a vulvectomy 
was performed The first case was operated upon seven years ago, the most 
recent, one year ago All have remained under constant observation In 
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two cases, Nos 2 and 6, the piocess continued to spiead, necessitating a sec- 
ond opeiation In Case No 2 the histologic picture was confusing The 
condition was diagnosed by one pathologist as leukoplakic vulvitis A second 
pathologist diagnosed the condition as scleiodeiina inoiphea In accoid with 
the reports of Ketion and Ellis, it is likely that both processes were present 
An intia-epithehal epithelioma was found m one case, an incidence of malig- 
nancy foi the senes of about 17 pei cent 

It IS interesting to note that tlieie was some complication in every case 



Fig 4 — Case 3 LeukopHKic vuhitis (hypertrophic stage) This condition 
IS said to be me m the Negro race 


save one This is most discoui aging in the light of the almost unifoimly 
excellent results quoted in the liteiatuie 

In Case No i theie was complete relief for almost two years Thereaftei 
theie appealed a reddish discoloration of the skin about the vagina and rectum 
and, intermittently, a leturn of piuritus A culture showed an abundant 
giowth of a yeast, and it has been veiy difficult to contiol the pruritus 

In Case No 2, after the second opeiation, the lectal mucosa was gieatly 
stretched and ulcers appeared in the scai A pedicle tube-graft 1 eheved some 
of the pull on the lectal mucosa The grafted skin has remained m excellent 
condition for foui years Ulcers have continued to form in the scar tissue 
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along the edges of the giaft and between the folds of the buttocks Numeious 
cultuies have been made On one a diphtheioid oiganism was found, on 
otheis, Staphylococcus am ens and Staphylococcus albus No yeast or fungi 
have been found These ulcei s heal i eadily under ti eatment with silvei mti ate 
but soon 1 eappear 

Case No 3 is the only one 111 the senes which occurred in the Negio 



Tig 5 — Case 3 Microscopic picture from case illustrated in Figure i There is present h>per 
keratosis, widening of the epithelial lajer, and acanthosis 


(Fig 4) The micioscopic pictuie of the tissue lemoved in this case is il- 
lustrated in Figure 5 A successful vulvectomy was pel f 01 med (Fig 6) Two 
years after operation, there was complete loss of pigment of the skin about 
the rectum (Fig 7) There weie no subjective symptoms The histologic 
picture of a biopsy made over this aiea showed hypeikeiatosis and absent 
lete pegs, and in the conum there were fibrosis, collagenous changes and 
lymphocytic infiltration The basal pigment layer stopped abruptly at the 
border of the lesion (Fig 8) 

In Case No 4 the pruritus returned, one year after operation A dusky 
zone appeared on the skin about the rectum and vagina about 2 cm m width 
At times this skin was covered with fine scales At other times it appealed 
glazed and parchment-hke Theie were no fissures or leukoplakic placjues 
Cultures were negative for yeast or fungi A biopsy showed, chiefly, hyahniza- 
tion of the conum, atrophy of the rete, and some d) skeratosis 
In Case No 5 there were no complications 
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In Case No 6 theie was a definite return of the epithelioma A second op- 
eration was performed Union was perfect, but it has been too lecent to state 
whethei or not a cure will result It piobahly would have been wisei to have 
peifoimed a Bassett^'* type of opeiation upon this patient 



Fig 6 — Cnse 3 Postoperatne results following a \iihectom> 


The postopei ative complications m foui of the cases weie tieated by ap- 
plications of an ointment suggested b)^ Foss This contained estiogenic sub- 
stance, 1,800 rat units pei gram, and 15 mg of ciystals A-estiadiol (Sheiing 
Corpoiation) It was hoped that ovarian substance applied to the skin might 
have some local effect on the skin The pruiitus in Cases Nos i and 4 was 
tempoiaiily relieved The ulceis m Case No 2 disappeared in part, but in 
aieas of tension, as posteiioi to the lectuin, they continued to appear at in- 
tervals The white area about the lectum m Case No 3 showed pigmented 
spots, about the size of the end of a match, aftei one month's use of the oint- 
ment The treatment has been too recent to determine whether or not this 
was due to the tieatment 01 pin el)’" incidental 
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Fig 7 — Cise 3 


Complete lo^s of pigment of the pem.iial skin, t^^o ^e^rs after Mihectomv 



Fig 8 — Case 3 Section made at the junction of the pigmented and nonpigmented areas 
ijNcept for loss of pigment, 1 slight increase m the amount of keratin, and beginning collagenous 
changes m the conum, there is little difference between the pigmented and nonpigmented areas 
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CONCLUSIONS 

(1 ) Leukoplakic vulvitis, an inflammatory condition of the peiivaginal and 
peiianal skin, occuis at, oi aftei, the menopause, oi in association with evi- 
dences of ovaiian hypofunction It is a piecanceious condition 

(2) Its etiology IS not known It is piobable that an ovaiian hoimone 
exeits some piotective influence ovei the genital skin, and that the withdiawal 
of hoimone lesults m inflammation, leukoplakia and kiauiosis There must 
be some othei etiologic factois involved which aie still unknown 

(3) It IS likely that other conditions are fiequently confused with, 01 asso- 
ciated with, leukoplakic vulvitis 

(4) Vulvectomy is the tieatment of choice since it gives symptomatic lelief 
and eiadicates a precancerous condition 

(5) Six cases of leukoplakic vulvitis aie lepoited in detail In all save one 
there weie postoperative complications 

(6) An ointment containing estiadiol was found to be of benefit in le- 
lievmg piuiitus which had lecuired as a postopeiative complication The 
benefits obtained wairant fuithei use of this ointment 
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URETERAL TRANSPLANTATION^ 

William E Lower, M D 
Cleveland, Ohio 

Ordinarily, in adults, we prefer to perform this operation undei spinal 
anesthesia The patient is put in a lathei extieme Trendelenburg position 
so that the abdominal visceia aie well out of the pelvis Foimerly, we trans- 
planted the light meter fiist and in about ten days oi two weeks, the left 
meter was tiansplanted Latterl}', we have been doing more and more cases 
in a single sitting, transplanting both ureteis during a single opeiation The 
iisk of peritonitis, wdnch w'e foimeily feared, we no longer consider as being 
likely to occui Patients aie piepared the same as those who have an opera- 
tion upon the lectum oi colon, namely, thiee or fom days of saline cathartics 
and daily ii ligations of the bow^el, opiates the da}' befoie operation, and during 
this entile time, a nomesidue diet 

The metei is easily exposed, paiticulaily on the light side, just beneath 
the peritoneum, and about tw'o and one-half inches of the low'er end of the 
ureter is fieed and divided and the lowei end ligated with fine catgut The 
retropei itoneal space is then closed, being especially caieful that no oozing 
occurs The point m the bow'el m wdiich transplantation is made depends 
entiiely upon wdieie the uretei seems to fit best and wuth least angulation, 
sometimes, we use the white line and in all cases, cut thiough the bow'el to 
the mucous membrane One point, which we believe has made the opeia- 
tion much easiei, is to begin ti ansplanting the uretei at its proximal end 
(Fig i) Included m the needle and sutuie, we pick up a little of the 
adventitious tissue along the ureter (Fig 2) , this is to prevent it from shift- 
ing Its position As a lule, w'e do not fix the bow'el to the paiietal peiitoneum, 
believing that a certain amount of flexibility is less liable to cause stricture 
than immobility Nearly always, the danger point foi stiictuie is where we 
first start the implantation into the intestine At this point, by dividing the 
tiough on each side dowm to the mucous membiane, theie is less dangei of this 
occurring (Fig 3) 

With an intiavenous pyelogiam, it is veiy easy to determine the condition 
of the ureters before undei taking the operation In very large, wnde ureteis, 
the problem becomes a more difficult one 

As to the age at which these operations should be undei taken, we have 
again changed our position and now' w'lll undertake them any time after three 
months of age , w'e have quite a series of children under one year of age They 
do very w'ell and we believe cause less disturbance and after care, and the 

* Illustrated by moving pictures of the procedures when presented before the Fift}'- 
second Annual Meeting of the Southern Surgical Association, Augusta, Ga , December 
5, 6, 7, 1939 
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child IS gi\eii just one tiaining foi sphincter contiol This lefeis laigely, of 
course, to cases of exstrophy of the bladdei 

In cases of malignancy aftei the uieteis have been tiansplanted and aie 
functioning, we lemove the bladder extraperitoneally by dividing the urethia 
and pulling it well up into the wound and then dissecting it fiee fiom the 
peiitoneum and suiioundmg tissue A large rubbei and gauze pack is placed 
in the cavity 



Fig I — Showing division of the tense tissue on each side of trough 
Fig 2 — Bringing cut ends together to relieve tension on ureter 
Fig 3 — Showing position of ureter after transplant 


We now have a total of io 8 cases in which ureteial ti ansplantation has 
been peifoimed, and have some patients who have gone for more than 20 
yeai s, and who are getting along comfortably 

CONCLUSIONS 

There can be no doubt that patients with these distiessing congenital 
anomalies can have their social status 1 estored and live a comfoi table existence 
In the malignant tumois of the bladder, if they are seen early enough, we 
believe that total cystectomy and ureteral transplantation offers an oppoitunit} 
foi possible cure and certainly gieat relief fiom vesical distress 

Discussion — Dr Addison G Brenizer, Chailotte, NCI think one 
of the greatest advantages we have 111 surgery is that we are individuals, and I 
suppose that, fiom the standpoint of those who do not live with us in the 
South, they might suspect us of most any romance 

In performing the Ferguson-Higgms-Bienizer transplantation of the 
ureters, we lay both ureteis 111 the submucosal position and covei them with 
muscularis and serosa Before closing over these layers, we put No i nasal 
wiie m a loop over the uretei on both sides and leave them for ten days The 
wii e-ends are out the rectum through catheter The gieatest advantage is that 
any biuising, aity bleeding and edema subside and the ureters continue to run 
to the bladder There are no obstructions to the ureter, as Doctor Douglass 
and his group found at Vanderbilt, because the bowel movements pulled on 
the wire and dragged it dov n W e pass the two ends of this 11 e tin ough a 
small whistle-tip catheter and it straddles the ureter, and then we bend it 
into a slit in the catheter The whole catheter and vire, looped over the 
ureter, may be moved up and down togethei or the wire alone moved up and 
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down in the cathetei We do assuie the fiee position and movement of the 
wiie and cathetei and thus aie acquainted with the fact that the wn e-loop 
ovei the uietei is not obstiucting it 

The diagiammatic sketches (shown on the scieen) show a stietch of 
uietei and lectum The seiosa and muscularis aie incised down to the 
mucosa This incision is ample in length and dissected to eithei side so as 
to amply and easily, covei the uretei when placed m it About i8 inches 
of a No I tonsil wiie is cut obhquel}'^ at its ends, bent m the form of a hairpin 
and with one end on each side of the ureter as it lies on the mucosa, the ends 
aie pushed down through the mucosa into the lumen and out the lectuin 
Thus the ban pm wiie sti addles the uretei and lemains with a loop above 
aiound the ureter, the ends emerging below fiom the cathetei and the cathetei 
in tuin from the anus 

When both uretei s ai e loosely healed in the bowel and all bleeding, exudate 
and edema have subsided, that is, in about ten days, fiist one uretei and then 
the othei is cut by di awing down on the wire so as to compiess the ureter with 
the loop above, and applying a vei}'^ high electio-cuttmg cm rent to the wire 
ends wheie the}'' emeige fiom the cathetei and anus below It is better to 
use two small whistle-tipped catheters, one for each uietei, and cut the two 
iiieteis on diffeient days, pioving, by emplo)'ing intravenous uiography, that 
the uietei s aie emptying into the lectuin and that the bladdei oi bladdei field 
IS diy With no urine to the bladdei, it is more easily and aseptically lemoved 
One of the greatest advantages of this operation is that aftei severing and 
emptying the whole pioximal uretei into the lectum, the distal ends, attached 
to the bladdei, may be disiegaided and not tucked back into the bowel, and 
the bladder so much more easily removed Added to this, the dry bladdei 
and better asepsis, bleeding may be conti oiled by central ligations within the 
abdomen Then the bladdei does not have to be removed in fistula, incom- 
petent sphinctei , etc In exstrophies, the removal of the mucosa and plication 
of the bladder befoie covei mg with muscle and skin is sufficient 

Oui latest impiovement, m ceitam cases of uietei al tiansplantation, is to 
loop the wire ovei the uietei, pass an end of the hanpm wiie in and out of the 
mucosa, both ends of the wiie thiough a No 8 uicteral cathetei, vhich 
cathetei, in tuin, is made to tunnel foi an inch to an inch and one-half be- 
tween the musculaiis and mucosa, to eineige fiom the musculaiis and come to 
the bod}' suiface thiough a stab-hole in the side The uretei is severed m the 
same way as u hen the cathetei emei ges from the anus This latter operation 
has the advantage of a more complete asepsis, but the disadvantage of the 
gi eater difficulty in tunneling between musculaiis and mucosa 

Dr Henry L Douglass, Nashville, Tenn I enjoyed Doctoi Lowei’s ex- 
cellent deinonsti ation of the technic he employs m uretei o-mtestinal anastomo- 
sis Except for minor differences in proceduie I employ the same opeia- 
tion I wish to discuss, biiefly, ceitain technical points which lessen the 
operative iisk 

Fust of all, the position of the uretei within the bowel wall must be main- 
tained by suture until union has occuired between these structuies To that 
end Doctoi Lowei, in closing the muscle layei of the bowel wall ovei the 
ureter, includes the external coat of the lattei in each sutuie During this 
step it IS important that the suture does not penetrate the lumen of the ureter 
for, if that happens, a urinaiy fistula may result and especiall}' so if the trans- 
fixing stitch is under tension He pointed out that some of the adjacent con- 
nective tissue should be left attached to the dissected meter This is a veiy 
impoitant point because it enables the opeiator to include this coat of adi'enti- 
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tious tissue lathei than the wall of the uietei in the sutuie and this minimizes 
the possibility of damage to the lumen of the meter On the other hand, 
the propel lelationship between the anastomosed structuie will be maintained 
if the end of the uietei can be diawii r\ell within the lumen of the bowel 
without tension and anchored there to the bowel wall by a chiomic catgut 
suture The muscle layer of the bowel wall can then be simply appioximated 
over the ureter with a lunning catgut sutuie This sutuie line should be 
piotected by a second row of mteiiupted chromic catgut sutuies Finally, I 
think it is of value to lotate the sigmoid sufficiently to place the anastomosis 
m apposition with the incision in the posteiior layer of the peritoneum wheie 
It IS fastened by interrupted sutures With union between the sigmoid and the 
posterior parietal peiitoneum the anastomosis becomes i eti opei itoneal in line 
with the uietei and the bowel becomes fixed m its new lelationship This 
avoids the danger of peristalsis oi distention pulling away the bowel and ci eat- 
ing tension on the anastomosis 

At the completion of the anastomosis a fenestiated colon tube, which has 
aheady been intioduced into the lectum, is adjusted so that its upper end is 
slightly above the union between the ureter and bowel It is left m place to 
pi event a dangerous distention of the bowel m the area of the anastomosis 
Postopeiative distention of the bowel may pull apait the edges of the wound 
in the intestinal musculatuie The mucous membiane of the bowel then 
hei mates thiough the wound canying with it the meter The valve effect of 
the anastomosis is lost and the ureter becomes meiely adheient to the bowel 
wall foi a short distance before it directly enteis its lumen The systemic 
effect of this accident may not be immediately appaient Latei , however, these 
patients suffei from an ascending pyelonephiitis which eventually destioys 
the kidney Most of the upper uiinaiy tiact complications following meteial 
transplantation are due to a faulty anastomosis 

We have used Bienizei’s technic in opeiations upon dogs The wires, 
looped over the uietei s with their fiee ends coiled in the rectum, obstiucted 
the ureters, and within ten days or two weeks caused consideiable lenal 
damage It is impossible to obviate this obstruction so long as one opeiates 
upon dogs In man, however, the ureters may be catheteiized piioi to opeia- 
tion The catheteis should lemain in place to maintain fiee diamage of the 
upper uiinaiy tiact until the time ai lives to remove the wiies Ureteial 
obstruction due to the encircling wire can thus be avoided in man 

Dr W L Peple, Richmond, Va I would like to repoit thiee cases of 
ureteral implantation performed in St Lukes Hospital, two by Di Stuait 
McGuire, and one I leported m 1929, which I did myself These cases il- 
lustrate how long this opeiation is effective 

CASE REPORTS 

Case I — J B , came with a history of exstrophy of the bladder at the age of four, 
in 1919 His ureters were implanted into the sigmoid in two stages Since then he has 
had one or two moderately severe attacks of pyelitis, but last year made his kl A degree, 
as a fine looking, outstanding young man, m perfect health 

Case 2 — F B, came with exstrophy of the bladder at the age of six, m 1917 
The bladder was excised, and the ureters, with small buttons of bladder tissue around 
them, were transplanted into the sigmoid in one stage He came back with pi elonephritis 
and renal calculi m 1928, and died, having lived ii years following surgery 

Case 3 — The case of Mrs C was reported before the Southern Surgical Associa- 
tion, in 1929 She presented herself, m the 3'ear 1927, with irreparable bladder injury 
Three months prior to admission, she underwent an extremelj difficult deliverj The 

103 



WILLIAM E LOWER 


Ann ilsof Suri,i.r\ 
7 11 1 3 1 !> 4 0 


child was born dead, and she was torn well up into the rectum She developed a severe 
infection, and there followed a sloughing of the floor of the bladder which included the 
entire urethia Then a hemiplegia developed, paralyzing the right arm and leg 

We first repaired the perineum and restored the sphincter muscle, then allowed her 
to go home for six months When she returned we first transplanted the tight ureter, 
and a week later the left, by the method of Doctor Coffev When the abdomen was 
opened, we removed the appendix and tied and divided tubes so that another piegnancy 
would not occur and pelvic infection would be eliminated She made an uninterrupted 
lecovery and I have seen hei from time-to-time during the past I2 jeais The last visit 
I give verbatim from my notes 

“June IQ, 1939 I had a visit this moining fiom Mrs C, and her husband She 
states that she is in good health and that the leg and foot ha\e become almost noimal 
She has a little spastic contraction in the right hand and right biceps and the muscles 
of the arm are rather tense and spastic This is all that remains of her hemiplegia 
“She has had absolutely no trouble in the control of her urine and goes as long as 
most women, and never has an accident She has had several mild attacks of pvelitis but 
bj eating and drinking carefullj' and bv prompt treatment, these have given rise to no 
trouble 

“Mr and Mrs C have adopted a little giil She is about five \ears old and extremely 
attractive This couple is deep!}' grateful and ver}' happy I do not know when I have 
had a visit that gave me more pleasure ” 

Dr Francis R Hagner, Washington, D C I enjoyed Doctor Lower’s 
paper, and the simplicity of the opeiation appeals to me very much We know 
how often patients who have caicinoma of the bladdei have laige iiieteis 
We have employed the Coffey technic on these patients I wondei if bunging 
a cathetei out of the rectum may not add an element of safety to the opeiation 
when this condition is piesent We have had one patient, with a uretei as 
laige as an ordinary finger, who was opeiated upon by this method with an 
excellent result He is still alive after nine yeais, and able to hold the uiine 
in his lectum foi nine houis I have talked to my friends about one man who 
suffered teiribly aftei operation Eveiy time he passed mine from the rectum 
he screamed with pain He lived about a week and at autopsy we could find 
nothing that would account foi the pain 

Dr William E Lower, Cleveland, Ohio (closing) I am sony the 
pictuie conveyed the idea that we, at any time, included the uretei in oui 
needle All we include is the adventitious tissue , this is done to keep the 
ui etei from sliding back We begin at the proximal end and place our sutui es to 
about one inch from the end, and then the opening is made into the intestine, 
and the end of the ureter is diawn in bj' double-thi eaded catgut sutui es 

As to the question of fixing the intestine, we have tiied both ways and 
think they do just as Avell if a certain amount of flexibility is allowed In 
veiy large ureters it may be well to use a cathetei 

The only things we claim foi this technic aie its simplicity, and the fact 
it can be undertaken at one stage We do put a lectal tube in foi several 
days for drainage of urine and iriigate this lathei legularly rvith saline 
solution I believe we shall be peifoimmg more of the bilateral transplanta- 
tions at one sitting 
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Although great strides have been made in the conservatne treatment of 
diabetic gangrene,^ - particular!} m those cases vhere infection plays a major 
role, there are still a certain number of cases which, in spite of conservative 
measures require amputation as a life saving measure 

There aie tvo major indications for amputation m diabetic gangrene, the 
more common being lapid spread of the gangrenous piocess with no signs of 
healing or of the formation of a line of demarcation Such cases usually have 
a zero oscillometric index at the ankle level Another indication for amputa- 
tion IS uncontrollable infection of the foot Such cases, again, are usually 
associated with extremely inadequate arterial circulation in the extremity 
as e\idenced by a zeio oscillometric index 

Previous teachings were to the effect that diabetic gangrene, particularly 
with infection of the foot, is of such a nature that infection would spread 
throughout the body or into the thigh if an amputation were performed wuth- 
out taking adequate precautions against such spread These precautions con- 
sisted of either leaving the stump wide open at the time of opeiation or of 
inserting drams into the partially sutured stump or of leaving untied sutures 
in place wdiich could be remo\ed at a moment’s notice or be tied sometime 
after the operation if no infection or gangrene of the stump w^ere evident 
These precautions were based upon the erroneous assumption that diabetic 
gangrene with infection of the foot presupposed the extension of the infection 
throughout the entire exti emity, particularly m the lymphatics , hence, cutting 
across infected l}mphatics was suie to carry the infection into the thigh tis- 
sues and thus produce secondary infection of the stump 

The mortality from this t}pe of operation was extremely high, in some 
hospitals up to 75 per cent Those cases that survived the operation required 
prolonged stay m bed wuth subsequent development of bed sores pneumonia 
and othei complications of prolonged bed rest Healing of stumps, par- 
ticular!} those that were left open, was a matter of months requiring skm 
traction secondary operations and m some cases skin grafts to cover the 
denuded area In other words an amputation foi diabetic gangrene was a 
formidable procedure attended with great nsk and with a high mortality 
Recent experiences, pioneered b} Ehason and Wright,^ and ^IcKittrick 
have demonstrated the fallac} of preMOUs conceptions of amputation m 
diabetic gangrene and have demonstrated, conclusively, that m this field a 
mountain has been made out of a molehill Increasing experiences ha\e 
proven that an amputation for diabetic gangrene, e\en m the presence of 
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seveie infection, is a simple pioceduie attended with a low moitality if the 
opeiation is peifoimed as simply as possible and the pioper postopeiative care 
IS earned out 

Pieopeiative tieatment in these cases must be simplified In othei words, 
tiansf visions and mtiavenous injections of glucose and saline with insulin 
coveiage aie not necessarj'- except wheie there is definite evidence of dehydra- 
tion If the patient cannot be made sugai-fiee before the opeiation by laige 
doses of insulin, it is an indication of the fact that undiained infection is 
piesent m the foot This being the case, it is a waste of tune to try to lendei 
the patient sugai-fiee oi to i educe his blood sugar if such infection is present 
Unnecessaiy delay in the opeiation because of this fact may piove disastious 
In such a case immediate removal of the infected aiea is indicated legardless 
of the diabetic status 

The choice of an anesthetic is veiy iinpoitant We have found cyclopio- 
pane to be the best in these cases foi the following leasons It lequnes a 
laige concentiation of oxj'gen in its administiation and lendeis sufficient 
anesthesia with no bad aftei -effects Wheie cyclopiopane is not available, 
nitious oxide gas may also be used with satisfactoiy results As no veiy 
gieat lelaxation is lequiied foi the opeiation, ethei is unnecessai}'' and may 
be harmful Because of the veiy slight shock and the beneficial stimulating 
effects of cyclopiopane, I can see no leason foi the use of spinal anesthesia 
m these cases On the othei hand, the use of spinal anesthesia in these pa- 
tients, who are usually eldeily and ai teuosdei otic, is attended with consider- 
able danger and may cause thiombosis of the mam aiteries of the opposite 
extremity 

Theie aie ceitain technical points in the peifoimance of the opeiation 
which must be iigidly adheied to if piimaij' union and an uneventful re- 
covery ai e to be attained 

Because of the damage that maj^ be caused by even the momentaij'^ use of 
compression, no tourniquet is used The amount of blood lost without the use 
of a touiniquet is negligible, pioviding care is used in careful clamping and 
tying of every vessel as it is cut 

Preparation of the opeiative field is veij'- imj 5 oitant and lequiies close 
attention to detail As a iiile, the opeiative aiea is piepared by the nuise on 
the waid in the usual mannei With the patient m position on the opeiating 
table, secondaiy piepaiation of the opeiatwe field must be cairied out This 
consists of thoiough cleansing with benzine applied by means of steiile gauze 
01 a steiile towel, followed by additional cleansing with alcohol applied in the 
same manner The ai ea maj^ now be painted with iodine in the usual manner 

Pi Opel di aping is also essential While the leg is elevated a laige sheet 
is drawn over the lower half of the table in such a fashion that it leaches 
below the patient’s buttocks and completely coveis the edge of the table A 
steiile towel is now diaped aiound the uppei thud of the thigh and fastened 
with a towel clip A half sheet is now placed on the table in such a fashion 
that the leg may be loweied into it and the sheet then diaped aiound the 
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loi\er poitioii of the leg so as to completely enclose the iionopeiative aiea m a 
soit of boot A steiile bandage is the best means of enclosing the leg in the 
steiile sheet so that the boot is foimed Anothei sheet is now used to diape the 
upper poition of the body and additional towels may be placed above and 
below the immediate opeiative field In fastening the vaiious sheets and 
towels with clips, It IS necessaiy to be suie that the leg may be raised fiom 
the table at any time dm mg the opeiation \Mthout dangei of contamination 
In line \Mth the policy of simplification of pioceduie, in ordei to minimize 
handling of tissues and unnecessaiy dissection, a simple circulai incision is 
used, avoiding the foimation of flaps of any kind The level of the skin in- 
cision need be no highei than the upper bordei of the patella The old idea 
that one must amputate as high as possible in diabetic gangi ene in oi dei to get 
above the level of infection oi into an area of better circulation has pi oven 



Fig 1 — Supracondjlar amputation foi diabetic gangrene 

to be entirely fallacious As pointed out previously, the infection is almost 
ah\ays confined to the foot and even in the piesence of Ijmphangitis no fear 
of infection of the thigh may be entei tamed Another leason foi the low 
incision IS the conservation of the thigh muscles and of a good length of femur 
both of which are necessaiy foi the piopei use of an artificial limb It is now 
generally admitted that the lo^^el thud of the thigh offeis the best possible 
location of the amputation for the subsequent use of an aitificial limb, hence, 
the traditional opei ation known as “midthigh” amputation should be abandoned 
in diabetic gangrene The pioper terminology is “supracondylai” amputation 
(Fig i) The skin incision should be made with a medium sized scalpel which 
should be discarded after the skin is penetrated and a fiesh scalpel used foi the 
soft parts In this type of operation, where precise technic is necessary, the 
use of a clumsy amputation knife is out of the question All vessels are 
clamped as they aie cut and particular caie must be taken so that accuiate 
hemostasis is obtained before the bone is cut through This obviates the 
necessity of later seal clung foi bleeders uhicli only adds to the tiauma of the 
operation 

At this low level of amputation, the popliteal artery is usually found, 
\Mthout difficulty, m the posteiior tissues lather close to the bone The 
sciatic nerve is not injected vith alcohol noi is aii} particulai attention paid 
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to it othei than to be sme that it is cut with one clean stioke No difficulty 
has been encounteied with the neive by this method 

It is important that the soft tissues be cut m one plane and that no attempt 
be made to undeimme skin or fascia oi to dissect into the tissue foi any 
reason whatsoever When the femui is leached and the soft tissues are com- 
pletely severed, a towel moistened with warm saline is applied to the pioximal 
tissues and by gentle traction the soft tissues are pulled back, exposing the 
femur for about two inches pioximal to the level of skin incision The 
peiiosteum is incised at this level and scraped distally (Fig 2) The bone is 
then sawed thiough at the same level and the wet towel is now removed 

A clean opeiative field is necessaiy at all times and the extiavagant use 



of towels IS recommended After each stage of the operation, the operative 
field should be completely recoveied with fiesh towels Ligation of all vessels 
IS now effected Previously, plain catgut was used for hgatuies but at the 
suggestion of Doctoi Burdick, fine silk was substituted Although the use of 
silk for ligatures entails additional care and accuracy in tying, the results from 
Its use are highly giatifying, inasmuch as there is practically no reaction in 
the stump from the use of silk as contrasted to the usual postopei ative tempera- 
ture, edema and slight inflammatory reaction resulting fiom the use of catgut 
The last nine cases opeiated upon with the use of silk have healed perfectly 
with no reaction Fine silk is also used foi tying the popliteal aiteiy 

When the bone is severed, it will be noted that the soft tissues fall together, 
anteroposteriorly, with no tension whatsoever over the end of the bone To 
maintain the tissues in a good position and to avoid the formation of dead 
space, a few fine silk sutuies are used to proximate the muscles and fascia 
(Fi? 3) The skin is approximated veiy carefully with either fine silk or 
silkworm gut, extreme care being taken, as in a thyroid or hernia operation 
that no inversion of skin takes place 

Dressings are now applied to the stump in such a way that not too much 
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bulk IS pioduced Theie is no necessity foi the use of splints or otliei methods 
of immobilizing the stump A snug bandage is applied and the entiie diessmg 
held in place with a few strips of adhesive plastei On letuining from the 
operating room, the stump is elevated to an angle of 45° by means of a pillow 
It IS kept this way foi about two days 

A gieat advantage of the operation peifoimed m this mannei is that the 
patient may get out of bed on the following day and may be in a wheel-chan 
eveiy day theieaftei This is vei}'- impoitant m these cases because most of 
these patients are eldeily and aie pi one to develop bed soies and pneumonia 
if kept in bed foi any length of time It is advantageous foi the diabetic 
condition, also, if these patients aie able to be out of bed so soon aftei the 
opei ation 



Fig 3 — Method of closure with silk sutures 
No drainage is used 



Fig 4 — Appearance of stump eight days 
after operation 


The Stump may be rediessed aftei 48 houis and every other day theie- 
after A simple, light, diy diessmg is sufficient On the sixth 01 seventh 
day the sutures may be lemoved (Fig 4) and the skin edges held in place 
by means of strips of steiile adhesive plastei In some instances, the patient 
may be allowed on dutches after the first week 01 even sooner Most pa- 
tients aie dischaiged fiom the hospital fiom the seventh to the tenth day and 
aie instructed not to considei themselves bed patients when ai living home but 
to sit up 111 a chair all day and stait the use of dutches It is lemarkable to 
observe the lecupeiatmg powers of even the oldest patients who have under- 
gone this simple amputation aftei a siege of pain and general weakness 
induced by the loss of sleep 

No special changes aie necessaiy m the postopei ative caie of diabetics 
As a iLile, the day after the opei ation patients are put back on their legular 
pi eoperative diet with the usual amount of insulin However, where unusually 
large doses of insulin weie necessary before the operation in an infected case, 
caie must be obseived m the dosage to avoid insulin shock after the infected 
foot has been lemoved In other woids, such patients usually require much 
less insulin aftei the operation than befoie No hesitation need be felt in 

109 


SAUL S SAMUELS 


\nmlsof Snrccn 
July 1040 


inci easing the diet as long as pioper coveiage with insulin is maintained Of 
33 amputations peifoimed peisonally at Bellevue Hospital and in private 
piactice by the above method, thiee died, a moitality of 9 pei cent One of 
these cases had hypei tension and severe nephiitis, of which he died a few days 
after the opeiation Anothei, who was a pooi risk, developed bionchial 
pneumonia and died within 48 houis A third, who peisisted in bieaking his 
diet after the opeiation, developed a seveie infection of the stump and left 
the hospital against advice Follow-up indicated that this patient died sub- 
sequently but the mannei of death is not known All othei cases in this series 
healed by piimaiy union with the exception of a veiy few instances of supei- 
ficial collection of seiopuiulent mateiial in a few cases wheie catgut had been 
used foi hgatuies The last nine cases, m which silk was used instead of 
catgut, showed no postopei ative leaction of any kind in the stumps and perfect 
piimai)'^ union was obtained in all The clean 1 eaction-free stumps, obtained 
with the use of silk, aie a levelation to the suigeon who is accustomed to 
othei methods of amputation foi diabetic gangiene 

Since amputation foi diabetic gangiene is usually a life saving pioceduie, 
one IS justified in peifoiming the opeiation above the knee as here described 
Theie may be an occasional case, Aeiy laie, howevei, in which amputation 
below the knee may be attempted As a lequisite foi such an amputation an 
oscillometric leading of i o 01 moie must be obtained at the ankle level If 
such a low amputation is attempted in a case with a pooi oscillometric index, 
healing, if it occuis at all, will he delayed foi an indefinite time usually neces- 
sitating a second amputation above the knee As mentioned pieviously, the 
occasion for a low amputation will be laie because wheie the circulation is 
adequate, infection, if present 111 the foot, can be conti oiled accoiding to newei 
methods of tieatment, and gangiene, if piesent, will usually demaicate very 
definitely, lequning no majoi amputation 

If an amputation below the knee is to be peifoimed, a modification of the 
supi acondylar amputation may be peifoimed as follows A ciictilar incision 
IS made about eight inches below the lowei bordei of the patella The incision 
IS continued m the same plane thiough the soft tissues down to the bones In 
Older to convert the limb at this point into a single bone condition as m the 
highei amputation, a longitudinal incision is made ovei the lateial surface of 
the fibula at right angles with the circulai incision proximally along the line 
of the fibula foi about thiee inches At the uppei level of this lateial incision, 
the fibula is severed by means of a Gigli saw and the lower end of the fibula 
is severed m the same mannei The piece of fibula is now removed and the 
soft tissues aie letracted with a wet towel as in the thigh amputation The 
tibia IS severed about one inch lowei than the fibula and the shaip anteiior 
edge of the tibia is caiefully beveled with eithei a saw or a large rongeui 
The soft tissues aie now bi ought from behind forwaid and sewed over the end 
of the tibia to the undei surface of the skin The skin edges are approximated 
caiefully and no diamage is used Here again silk should be used and the 
same postoperative procedm e as in the thigh amputation is carried out 
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Two opeiations peifoimed by this technic lesulted in pinnaiy union One 
patient developed a coronal y arteiy thiombosis and died suddenly seven da}S 
after the operation 

The objections to amputation below the knee aie the inci eased tiauma 
necessaiy m the complicated dissection and the pool piotection to the end 
of the stump because of the small amount of soft paits available for 
covei age 


CONCLUSIONS 

Tiaditional fear of the outcome of amputation in diabetic gangiene is no 
longei justified 

By means of simplified technic, decreased opeiative shock and changed post- 
opeiative caie, amputation for diabetic gangiene can be consideied a i datively 
minor pioceduie 

With the newel method of amputation, the operative moitahty of diabetic 
gangiene can be greatl}'’ reduced 
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THE INFLUENCE OF SUTURES UPON OPERATIVE WOUNDS'' 

Joseph E Bellas, M D 

PjconiA, III 

For many years, the medical profession has traditionaUy assumed that 
the ideal buried suture mateiial had to be absorbable Out of this assumption 
has g-iown the popularity which catgut has enjoyed in the past For almost as 
many years sin geons have, on the other hand, been lamenting the many disad- 
vantages of catgut, but because of its excellent physical chaiactenstics and 
ease of handling and because no satisfactoiy substitute has been devised to 
leplace it, many sui geons have continued its use in spite of its defects In 
many instances, other sui geons have turned away from catgut and have re- 
sorted to the use of silk' - ' as buried sutures Some of the disadvantages of 
catgut weie thus eliminated onl}' to be leplaced by other disadvantages almost 
as disagreeable Thus foi many years the pendulum has swung from catgut 
to silk and from silk to catgut, but in spite of new processes m the manufactuie 
of each type of sutiiie, the undesirable effects lemamed 

What are the disadvantages of these sutmes? Clinically, it has been gen- 
eially obseived by surgeons that m many appaiently clean surgical cases 
where catgut was used, fluid collections and even abscesses aiose in the inci- 
sions duimg the convalescence, the oiigm of which could not be accounted 
for Many things weie blamed for this occunence — impeifect scrubbing of 
the hands of smgeons, assistants.and sciub nuises, faulty aseptic technic re- 
sulting in contamination-, impeifect stei ihzation of instruments and of the 
suigical linen But when all these factors weie thoroughly checked and cor- 
rected, edema and effusion of fluid in the incision still peisisted It was then 
thought that contamination of catgut with bacteria and spoi es was the undei - 
lying factor, and this piobably with some justice'' Methods of manufacture 
have, however, been devised whereby all contamination can be definitely ovei- 
come with a resultant sterile suture, but still tbe edema, diamage and unex- 
plainable infections took place 

In the use of silk w dean cases, theie was no great incidence of edema oi 
noteworthy effusions but it was obseived that, in a notable numbei of cases, 
some small points m the incision failed to heal, oi, where piimaiy healing ap- 
paiently did occur, that draining sinuses developed later on which absolutely 
refused to heal until the offending suture was cut down upon and removed " 
We strongly support th^ contention® ® that the basis of these reacti ons 
with catgut and si milar sutures rests on the fact that they are com posed of 
anim at material and hence act as reactinjg foreign bodies in the tissues T hesg 
s utures act as reacting foreign bodies because they are vanablj'^ susceptible^ to 

Read befoie the Western Surgical Association, Omaha, Nebraska, December 3, 1938 
Submitted for publication March 21, 1939 
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enzymatic action and the vaiious chemicophysiologic processes such as occur 
111 the body With silk this is less liiarke d, b ut almost evei y su rgeon w ho has 
used silk has_ ob^ eived the deterioiated appearance of a silk sutuie that has 
Ji ad to b e remaned- The qualities of these sutures and especially those of 
catgut are seriously disturbed by such contact until the catgut is completely 
dissolved or “absoibed” and silk definitely fiayed The claim of “absoiba- 
bihty” IS, 111 essence, an admission of defection in a sutuie because of the 
above-mentioned influences to which it is liable As a result of this leaction. 
t he foimation of edema or of actual collection of tree fluid develops m the tis- 
sues I t IS not difficult to uii dei stand, that bn1p lepaii can lake place while 
this leaction is going on It is not suipiismg, the iefore, that with catgut, the 
sti ength of the incision is at its weakest about seven days aftei nisei tioii This 
has be en confirmed by numerous investigators U T he sutuie has be- 

come piofoundly deterioiated or ‘‘absorbed” and no longei lends its streng th 
to the incision Noteworthy healing does not take place until after the leac- 
tion to the, reacti ng gntnrp— L<;_qpent It follows, then, that mcisimm lipal not 
because of, but m spite of catgut 

A reacting animal suture ma y have anothei disadvantage — the pi oducts of 
its solution, disintpgmtinn nr digestion may, when absorbed, induce alleig ic 
_r e^action W e have pei sonally conducted a few tests to demonstrate 

that true alleigic reaction to catgut is no myth but a veiy definite phenomenon 
in some piotem-sensitive individuals It is also well known t flat the pi oducts 
of the disintegration of catgut aie splendid cultuie media foi bacteria and that 
an infection is actually aided and abetted by the pi esence of c atgut 

In an effort to get away from sutuies of animal oiigiii. surgeons have u sed 
linen, and m the past few yeais have followed the example of Babcock^ an d 
Ku rlander^^ in the use of soft annea led steel alloy wiie as a supeificial and as 
a bnriprL.mUnr p Linen, and in this I include Pagenstechei , has pioved unsat- 
isfactoiy because its capillarity allowed the absoiption and letention of tissue 
juices which, by stagnation, became an excellent cultui e medium foi bactei lal 
growth The not infrequent end-iesults were the formation of persistent 
draining sinuses much as with the use of silk 

The use of steel wire gave splendid results from the standpoint of absence 
of leaction and of favorable primary healing But theie weie mechanical dis- 
advantages m the matter of handling that pioved veiy initating dm mg opera- 
tions, and there was always the threat of medicolegal complications because of 
Its radiopacity Although steel wire fulfilled the lequirements from the stand- 
point of nomeactibihty and piompt lepaii of operative wounds, it was by no 
means the ideal suture foi general use Out of our owm expeiiences at the 
Collins Clinic wuth varied sutuies, coupled with those of otheis,^'’ aiose the 

idea of foimulating the qualities that an ideal sutuie should have These are 

* 

(i) The suture should be sterilizable by common hospital and office meth- 
ods, that IS, by autoclaving and b) boiling, without significant loss of desirable 
properties 
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(2) The sutuie should possess pliability, satisfactory tensile strength, knot- 
holding qualities and uniformity foi given sizes 

(3) The suture should be nonieacting 01 lelatively nonreacting m the 
body tissues 

(4) It should be insusceptible to the action of tryptic enzjmies in the body 
tissues 

(5) It should be insusceptible to the chemical and physiologic agents in 
the body tissues 

(6) It should be unaffected by bacteiia and incapable of promoting the 
giowth of bacteiia 

(7) It should be incapable of letaidmg the process of repair 

(8) It should be incapable of inducing disturbing edema 01 of inducing 
effusions of tissue fluids m opeiative wounds 

(9) It should be incapable of inducing allergic reaction and incidentally of 
toxic or carcinogenic influences 

(10) It should be practicall}’’ unaffected by clinical langes of heat and 
moisture 

( 1 1 ) It should be ti uly noncapillar}'^ 

(12) It should peimit of ease in handling, at least equal to that of catgut 

(13) It should be radiolucent 

The logical conclusion that arises from the above requiiements leads to 

(14) The necessity of the suture being nonabsorbable 

This IS lathei a tall older even for an ideal suture We believe we have 
approached the desiied result, and piesent, herewith, a new suture as an im- 
proved substitute for catgut and cui 1 ent sutures 

This new suture’*' is composed of incorporated synthetic plastic materials 
especially selected so as to meet the above requirements These plastic mate- 
rials ai e polymerized condensation products of aliphatic and aromatic alcohols 
with aliphatic aldehj'des Its appearance is very similar to that of catgut and 
It IS piepared in equivalent sizes, but from that point on the similarity ceases 

We have used this new sutuie m some 300 cases of all descriptions, under 
all manner of conditions, and with varied technics We have learned a lot 
of things about sutures in carr3ang out this work, and particularly m relation 
to the use of this sutui e At fii st our sutures were crude and of a large size 
We frequently used the equivalent of No 2 double as a continuous suture, 
both in clean and in infected wounds In 217 clean cases, seven developed 
localized reactions from mechanical iriitation and some of these required a 
secondary procedure to remove the cause of the irritation 

These figures require further claiification m relation to changing technic 
(Table I) 

It IS obvious that the lattei technic, as shown in Table I, has eliminated 
mechanical irritation almost to the point of extinction in clean cases, and has 
materiall}'’ reduced stitch troubles in infected or contaminated cases We are 
convinced that this mechanical iiritation arises from sutures o f large bulk and 

* For convenience and simplicit>, the name plastigut has been adopted for this suture 
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Fig I — Shows a chromic catgut suture at the end of five, 
dajs The catgut suture is beginning to be a bsorbed with an in 
flanimatorj reaction, especiallj at the site of absorption 



Fig 2 — Shows a section at two weeks, in which i plain cat 
gut sviture is almost comnletel^— and rep laced In a wide 
rounded area filled with acute inflammatorv cells iiul sliTJvVing 
• t'laiLi.il iiecili-lls. 'I In', is virniallv an acute abscess _ i igurcs i and 
2 are tjpical ot the reactions with catgut * 
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Tk 5 — SlcHoii of phstic suture it seven chys showing the Tig 6 — Section of phstic suture nt two weeks No reuc lo 

suture surrounded lij noriml tissue with no evidence of inflimni i no innimnntion, no capilniitv 

tioii in 01 Tiouiid tile sutuic 
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fiom laige knots All otheis healed fiist intention and have apparently 
remained so Since ve have adopted single thieads and smaller sizes up to 
size No o, whethei continuous oi mteiiupted, healing has been primary m all 
but one case 


T'vble I 

C S Per Cent of S I S Per Cent of S 

1937 Group 

Continuous No 2 plastic suture, 

double or single 105 6 57 2110 47 6 

1938 Group 

Continuous or interrupted No 

0000 to No o plastic suture, 

single 1 12 I o 875 23 4 17 o 

Code C = Clean cases S = Stitch or sinus trouble I = Infected or contaminated cases 

In a two-year expeiience uith this sutuie, we have encountered about all 
the complications that ai e possible with the sutui e We have studiously tried 
to analyze our experiences and are now convinced that a certain technic should 
accompany its use \¥e aie impiessed by one obseivation That continuous 
sutures wnthin the pei itoneal cavity can be used with impunity W e have had 
no mtraperitoneal complications followmig the use of the continuous suture in 
either clean or infected cases Theie are no objections, however, to the use of 
intenupted mtraperitoneal sutures In clean cases, extraperitoneal sutui es 
may be continuous or mteiiupted Geneially speaking, interrupted sutui es 
are preferable It has been a mattei of great satisfaction to see how promptly 
incisions healed by primar}'’ intention, wnth no evidence of reaction, and to note 
the pliability of the skin and undei lying tissues during the healing period In 
infected and in drained cases, interrupted suture technic is compulsory for 
extrapei itoneal locations W e are convinced that the advocates of the Halsted 
silk technic wall now’- find an almost ideal mateiial m this new suture In in- 
fected cases, there is a definite tendency for the infection to localize without 
the spreading infection we so frequently observed with catgut The inter- 
rupted loops of this sutuie wall become loosened wdien uprooted by a slough 
and in most cases will he cast off wath the slough Occasionally it may be 
necessary to use a hook for a loop that has become loosened but not cast ofif 
Those sutures w^hich have become buried in viable tissues remain buried and 
cause no trouble 

We are convinced that no sizes above No o oi at most No i should be 
used, and that all strands should be used single The most useful range of 
sizes m our work has been between Nos ooooo to oo The strands are tough, 
have a substantial “feel” equal to that of catgut and superior to the limpness 
of fine silk Those wdio are advocates of the Halsted silk technic wall find an 
improved substitute in a relatively heavier, lelatively stronger, nonreacting, 
nonabsorbable suture that has all the advantages of silk wathout its disad- 
vantages 
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Although we have performed experimental work upon guinea-pigs and to 
a less extent on dogs, oui convictions arise chiefly on the basis of clinical appli- 
cation and lesults 

The photomici ogi aphs show a senes of typical sections of various sutuies 
at dilfeient peiiods (Figs i to 8) 


SUMMARY 

No contiibulion m the sutuie field will occur unless we leorganize oui 
ideas about sutures A new principle is offered which distinguishes between 
leacting and nonieactmg foreign bodies Catgut, silk and sutuies of animal 
ongm aie of piotem composition and as such act as leacting foieign bodies 
moie 01 less intensely They aie also subject to numerous chemicophysiologic, 
Iiacteiiologic and physical influences, the total effect of which is to hinder and 
delay piimaiy lepaii in opeiative wounds The ideal sutuie must be one that 
IS nonreacting, one that is not affected by the en73miatic, chemical, physiologic, 
bactei lologic and physical influences with piompt, normal lepaii Such an 
accomplishment is believed to have been attained in a new plastic suture on the 
basis of extensive animal and clinical cKpenence 

Since this article has been submitted for publication, a laigei number of 
cases have been analyzed as of October, 1939 


First Senes 

C 

Revised Table 

S Per Cent of S 

I 

S 

Per Cent of S 

Continuous No 2 plastigut, 
double or single 

105 

6 

5 7 

21 

10 

47 6 

Second Senes 

Continuous or interrupted No 
0000 to No 0 plastigut, 
single 

230 

I 

0 435 

50 

9 

18 00 


Code C = clean cases S = stitch or sinus trouble 


I = infected or contaminated cases 

The author is indebted to Di Andrew C Iv3^ Professor of Physiology at North- 
western University, for his outline of animal experiments and for his encouiagement 
throughout the period of this study 
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FRACTURE OF THE CAPITELLUM^ 

REPORT OF A CASE SUCCESSFULLY TREATED BY CLOSED REDUCTION 

Edward F McLaughlin, M D 

Philadelphia, Pa 

The elbow region is a fiequent site of bony mjuiy, howevei, reports of 
fiactuie of the capitellum aie few, about lOO cases being the total found in the 
hteratuie to date One more case is heiewith presented and some of its clini- 
cal featmes discussed 

Case Report — Hosp No 28288 M S , white, female, age 20, was admitted to the 
Germantown Hospital, Surgical Service “B,” October 15, 1937, with the history of having 
fallen down some steps foui days previously Immediate pain was experienced in the left 
elbow, and difficulty in moving it developed one or two hours later Any movement 
caused great pain 

Physical Evamination — The left elbow was markedlj swollen, and held at a right 
angle Movement was greatly limited and very painful A roentgenogram showed “a frac- 
ture of the capitellum of the lower end of the left humerus with a displacement of the 
fragment forward” (Fig i) 

Ice-bags were placed about the swollen elbow After 24 hours, a manual reduction, 
under gas anesthesia, with the aid of the fluoroscope, was attempted, but failed Bed rest 
and ice-bags were resorted to once more, and, after two more days, it was decided to 
attempt closed reduction again before resorting to operative interference Gas anesthesia 
was employed The elbow was held in full extension With one man pressing firmly upon 
the anteriorly displaced fragment while holding the lower end of the humerus steady, 
the other pulled downward on the wrist with great force and hj’perextended the elbow 
The elbow was then brought quickly up into acute flexion — the fragment slipping into its 
proper place (Fig 2) A wrist sling was applied to hold the arm in the Jones position 
The pain in the elbow was relieved almost immediately and, later the same dav, the 
patient was discharged 

Seen daily thereafter, the sling was removed, the arm lowered to a right angle, rubbed 
lightly with alcohol, dried, powdeied and replaced in a position of acute flexion After 
the first week, the patient was seen ever}-^ other day and the same procedure was carried 
out On those days when she did not report the arm was lowered and replaced at home 
Three weeks after the fracture was reduced, all dressings were left off and active motion 
permitted Two weeks later, the patient was using her arm in all her ordinary tasks 
Extension was restricted about ten degrees, but all other movements were completely 
normal In ten more days full extension had been regained A roentgenogram, taken 
some time later, showed a healed bone (Fig 3) Function has been perfect ever since 
(Fig 4 A, B, C, D) 

Comment — MazeF states that “Fiactuie of the capitellum is so laie that, 
to date (April, 1935), only 30 cases have been reported in the liteiature” 
Lee and Suinney,- in 1934, collected 28 cases, including a senes of 17 reported 
by Lindem,® and added five of their own Buxton,'* in 1936, discussed 38 cases 
which had come under his obseivation at King’s College Hospital, from 1933 

■' Read before the Philadelphia Academj’’ of Surgery, November 18, 1938 Submitted 
for publication March 17, 1939 
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to 1935 Valle,’ quoting Becoii's 42 cases, adds one moie Theie aie othei, 
moi e 1 ecent, 1 epoi ts, in which one 01 tu o isolated cases ai e cited 
Fiom the cases noted above, and with allowance foi some overlapping, it seems 
theie aie now about 100 cases lepoited in the hteiatuie 



Fig I — Anteiopostenor and lateral roentgenograms of fracture of the capitellum before reduction 

The filst description of this fiacture, accoiding to Lee, was made in the 
autopsy loom by Hahn, 111 1853 MazeF gives KocheV^ credit foi fiist lecog- 
nizing and dealing with the condition clinically 

This fiactuie usually occuis m youth (15 yeais is the average age given 


I 


Fig 


111 Buxton’s senes) It piobably occurs most often when the arm is extended 
to break a fall In this position, the radius is poised behind and below the 
capitellum, somewhat like a blunt chisel, and is driven against it when the 
foice strikes If the elbow has been momentaiily hyperextended just befoie 

123 




EDWARD F McLaughlin 


Annals of Surgen 
Ju 1 j 194 0 


the upwaid thrust conies, the ladius will be in an even moie favorable position 
to chip off the capitellum The displacement is almost always forward, al- 
though m some cases, notably Kocher’s, it was posteiior The foice in 'this 
instance may have been applied with the elbow acutely flexed 



Tig 3 — Anteropostenoi and htenl roentgenograms of fracture of the capitellum ta\o and one half 

months after closed reduction 

It might be well to lecall some anatomic facts First, that we are dealing 
so/e/y with the capitellum Second, that this is entiiely intracapsulai , has no 
peiiosteum, and deiives its mam blood supply thiough vessels from the joint 


ABC D 



Fig 4 — A, B, C and D Showing complete restoration of function of the elboiv six w'eeks after closed 

reduction of fracture of the capitellum 


capsule Thud, that the ligament surrounding the elbow joint is weaker an- 
teriorly, where it is sheet-like and pleats up on flexion 

Being an intracapsular fracture, its healing process will depend greatly on 
whether it is a complete fiactuie or a greenstick one If complete, the frag- 
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ment is se^ered fiom any souice of nourishment and must be legarded in the 
light of a bone giaft Its i ehabilitation will depend upon new capillaries and 
nailing osteoblasts budging the fiactuie line 

Ticafmcuf — The desideiatum is to lestore the noimal function to the 
ladiohumeial joint All depends on whethei the capitellai fragment can be 
lestoied to its foimei site and fixed theie until it heals Some feel it can 
nevei be piopeily leplaced, oi. if it is, it will not become reattached Fitz- 
geiakP- sa}s “In all cases, the fragments should be lemoved as soon as 
possible aftei the injuiy *’ The chance of the fiagment’s becoming a loose or 
fixed foieign bod}, favoied by restricted osteoclastic process, prompts this 
attitude Otheis favoi opeiatne i eduction and mechanical fixation Lee 
favoi s the employment of a bone peg oi steel pin, while Buxton sutiii es through 
drill holes oi uses a transversely inseited bone peg, lunnmg into the tiochlea 
Immobilization to pi event teaimg of the delicate new capillaiies wnth then tiail- 
ing osteoblasts explains this attitude foi mechanical fixation We feel, and our 
case illustrates, that once accuiately leplaced a capitellai fiagment can heal 
without mechanical fixation In fact, once leplaced, all the natuial foices in 
the region tend to hold the fiagment in position — the ciip-hke head of the 
1 adius, the humei us, the latei al ligaments, and the ulna all contribute siippoi t, 
all but the anteiior ligament This is compensated for by bunging the radius 
in front b} fixing the aim in acute flexion 

Othei authois, also, have clinical proof that healing and function are ob- 
tained by this simplei method ° Chiistophei and BushnelB^ lepoit tw^o ex- 
cellent examples of this One case, a female, age 40, had complete function 
28 days aftei 1 eduction Anothei, age 38, had 90 pei cent function in 24 days 
Both had union checked by 1 oeiitgenogi ams Then method of 1 eduction w^as 
similai to ours Most of tnose favoi mg opeiative mteivention admit some 
cases may lespond to tieatment by closed 1 eduction On the other hand, 
anyone w^ould be iimvise to limit himself to closed methods wdieie indications 
call foi opeiation, as m old complicated cases, multiple 01 diveisely rotated 
fragments, etc 

Aiding 1 eduction in the case heiewuth lepoited was the fact that the swell- 
ing had been gieatly 1 educed b} the time of the second attempt Perhaps, if 
1 eduction of the fractui e cannot be attempted dui ing the first 24 houi s, it might 
bettei be defeiied until aftei about a week, wdien the sw’-elling wall have become 
gieatly reduced We should also emphasize that the foice used in 1 educing the 
fractui e m the piesent instance Avas more than gentle — almost a shaip, 
tugging pull 

Treatment aftei reduction, open or closed, is extremely important Acute 
flexion holds the fiagments w''ell, and a simple wrist sling peimits ready in- 
spection If sw^elling occuis, it is unrestricted and any need for changing the 
degree of flexion wall be appaient at a glance Meyerdmg and Pollack^o warn 
of contracture following too great flexion in the presence of sw^ellmg in a case 
of fractured capitellum 
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Eail}^ passive motion is most essential — ^Ijreaking up fibioblastic processes 
in the tiaumatized tissue about the joint and not permitting scar tissue to form 

Stimulation with light massage, with or without alcohol, nourishes the soft 
paits, and aids m the circulatoiy removal of old blood, etc 

Powdeiing helps prevent fiiction and surface necrosis, blistering and 
infection 

Active motion — restiicted at fiist, later unlimited — ^is the final and best 
means of restoring function While we did not use it until three weeks had 
passed, we believe it may be tried even earlier 

CONCLUSION 

All will agiee that restoiation of function is the object of any method of 
ti eating fiactuies of the capitellum Most writers admit that an occasional 
case can be reduced and will get well without opeiation We feel that a reversal 
of attitude is needed, that closed i eduction with early motion is the method 
of choice and that other procedures should be reserved for the occasional com- 
plicated case 
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A SUGGESTED IMPROVEMENT TO THE ALLIS’ METHOD OF 
REDUCTION OF POSTERIOR DISLOCATION OF THE HIP 

Leon E De Yoe, M D 
PvTcnsOiN, N J 

Posterior dislocation of the liip, with oi wathout fiactuie of the acetabu- 
lum, has become a moie fiequent mjmy m lecent yeais Stimson,^ m 1912, 
states “Peicentages of dislocation of the hip, compaied wuth all dislocations 
was 14 to 2 per cent” Speeds'^ in 1928, says “approximately 5 pei 
cent of all dislocations admitted to the fracture seivice of the Cook 

County Hospital weie dislocations of the hip ” H e haA^e not been able to find 
more recent statistics dealing wuth the lelative fiequency of this injury but 
believe it to be higher than the 5 pei cent lepoited by Speed in 1928 

The majoiity of these cases lesult fiom automobile accidents and, m our 
expel lence, it is the pei son sitting beside the diiver wdio sustains this type of 
injury This has been conoboiated bj'- Funsten, Kinser, and FiankeP who, 
because of the frequency of this etiologj in then senes of cases, aptly call this 
injury “dashboard dislocation of the hip ” 

CampbelP observes that fiactuies of the acetabulum, usually of the pos- 
teiior lip, w^ere piesent in 375 pei cent of his cases of tiaumatic posterior 
dislocation of the hip 

It IS desiiable to ladiogiaph the hip before manipulation to determine the 
presence 01 absence of associated fractui e of pelvis or femui 

Thiee methods of 1 eduction are desciibed by Speed (i) Allis’ dnect 
method (2) Bigelow’s circumduction method (3) Stimson’s gravity 
method 

Biiefly described, they are as follow^s (i) Alhs’ method (a) Fix pelvis 
(b) Flex thigh (c) Lift thigh (d) Extend leg 

(2) Bigelow^’s Method (a) Flex and foicibly lift If this fails, (b) flex 
and lift wdiile abducting If this fails, it wall be found that the rent m the 
capsule will be so large that method (a) wall now be successful 

(3) Stimson’s method (reverse of lifting and ti action) Patient lies face 
dowm wnth pelvis at edge of table Thighs hang stiaight dowm, knee flexed at 
a right angle, and foot being held by opeiatoi A w^eight is placed on back of 
calf of leg just behind the knee 

G A Illin,^ in repoiting the Dzhadelidze method, desciibes the technic as 
follows “The patient is given a geneial anesthetic and is placed in a prone 
position on an examining table 111 such a manner that both supeiior anterior 
spines and the symphysis pubis touch the distal end of the table The noimal 
low^er extremity is placed on a small table of the same height as the examining 
table The other extremity is kept ivith the knee flexed to 90 degiees — it 
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hangs from the table and is suppoi ted by one hand of the surgeon in the region 
of the calf above the ankle Foi the purpose of reduction, pressure is applied 
to the popliteal legion The surgeon uses his free hand or his knee for this 
purpose Simultaneously a lotation of the hip is performed by the hand sup- 
poi ting the lower leg of the patient This maneuver is followed by a charac- 
teiistic ciepitation of the head of the femui, fiee mobility of the reduced hip, 
and lestoied noimal contouis of the gluteal region ” This method seems to be 
closely allied to the plan desci ibed by Stimson 

Because of the poweiful muscles and ligaments with which the hip joint is 
suiiounded, much force is sometimes lequired, especially if the acetabulum is 
intact, to pull the head back into the socket With the patient lying on the 
floor or a table it is often difficult by means of the above methods for the 
operator to apply his sti ength to the best advantage 



Fig I — Photograph demonstrating the author’s modification of the Allis’ method of reduction of a 

posterior dislocation of the hip 


At the Paterson Geneial Hospital, during the past ii years, we have em- 
ployed a method of applying the piinciples laid down by Allis, which has 
lesulted in easy i eduction in 19 consecutive cases Because of its simplicity 
we desn e to report it 

Method of Piocedwe — The patient is anesthetized lying on his back and 
is so placed that the buttocks are at the end of the table An assistant holds 
the normal leg horizontally or it may be placed on a small table of the same 
height as the operating table The pelvis is now strapped or firmly held to the 
table by the assistant The opei atoi takes the dislocated leg, flexes the thigh, 
and with his back against the end of the table and against the patient’s but- 
tocks, brings the dislocated leg ovei his shouldei The operator’s shoulder is 
now undei the popliteal space, the knee is flexed, and the back of tlie patient’s 
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calf lies against the opeiator’s chest (Fig i) With the leg fiimly held in 
this position the opeiator lifts upwaid and bends forwaid, easily exerting 
poMeiful traction on the feinui The dislocating foice is thus leveised and 
with an audible click, the head snaps into the acetabulum and the motion of 
the thigh IS no longei lestricted 


SUMMARY 

(1) The methods of i eduction of tiaumatic posteiioi dislocation of the 
hip ai e 1 evieY ed 

(2) A simple and efficient method is described 
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THE EFFECTS OF TEMPERATURE ON THE SURVIVAL OF 

ANEMIC TISSUE = 

AN EXPERIMENTAL STUDT' 

Barney Brooks, M D , and George W Duncan, M D 

Nashviiil, Ienn 

IROM Tilt nFr\RT^t^NT OF SUIIGFRI, \ \NDPRmi,T UVUI IISIT^ WSHMrLF TFNV 

The reactions of living mattei to changes in temperatuie have been ob- 
seived and recorded since eaihest antiquity In geneial, living tissues may be 
influenced by cooling, warming, fieezing and supercooling, and the living 
tissues may be the wliole oiganism, oi an attached part, or a separated part 
The effects produced may also be consider ed fiom either the viewpoint of an 
influence on vital processes oi as a mattei of preservation of viability 

The present communication deals only with the effects of temperature on 
the pieseivation of the viability of a part of an animal clepiived of its cii- 
culation Previous obseivations bearing on this pai ticular phase of the pioblem 
have been reported by Stai i Allen,^ 2 i 4, 5 Freeman ^ 

Stan placed the extiemities of a senes of patients suffering from peripheral 
vascular disease in diffeient environmental temperatures and noted the effects 
on the usual criteria of the efficiency of the circulation With the color as an 
index of the volume flow of blood, and pain as an indicator of tissue damage, 
he concluded that the maintenance of a tempeiature of 30° to 34° C was most 
favorable for inci easing the circulation and inhibiting unnecessaiy oxidation 
The first expeiimental study of the possible beneficial effects of cooling a 
pait of the body Avith deficient cii dilation m the prevention of gangiene was 
recorded by Allen, ^ 2 3 4, n 1^37 He expeiimented with lats, cats and dogs 
The extremities and loops of intestine weie lendeied ischemic by ligature of 
aiteries and the application of tourniquets The environmental tempeiatures 
were obtained by the immeisioii of the ischemic part in melting ice or warm 
watei It was found that gangiene occuned after only three to three and 
one-half hours if the temperatuie of the ischemic part was maintained at 40° 
to 41° C, and did not occur after 54 hours of ischemia if the part was kept 
at 0° to 2° C Allen thoroughly appreciated the inaccuracies of the methods 
employed, which he states were the only ones available to him The amount 
of ischemia produced by ligation of an aitery is well known to vaiy Avidely m 
different expeiiments, and it is always impossible to determine the extent of 
local damage of a tourniquet His expeiiments dealt only with temperatures 
between 38° and 47° C, aiouiid 0° C, and room temperatuie 

More recently, Freeman® has reported a stud)'^ of the influence of tempera- 

* Read before tlie American Surgical Association, St Louis, Mo , May 3, 1940 
Submitted for publication Maj 3, 1940 
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ture on the development of gangrene m instances of peiipheral vasculai dis- 
ease He believes that raising the teinpeiature of an ischemic extremity in- 
creases both the blood flow and the metabolism, but that m the presence of 
diminished blood flow the i datively laigei met ease m the latter may produce 
a greater nutiitional deficiency and, as stated by Freeman “Gangiene lesults 



Fig I — Apparitus employed for maintaining low temperatures The 
compressor for the refrigerant is on the lower shelf Four of the eight rats 
are shown in the containers, as are also the rubber tubes containing the tails 
of the rats on the opposite side The thermostat is on the left, the motor 
above drues the stirring apparatus The pressure was applied within the 
chamber through the rubber tube at the extreme right 

from a discrepancy between the demands of the tissues and the supply of 
blood to meet these nutritional needs ” Freeman recommends maintenance 
of the tempeiature of the air about an ischemic extremity at 30° to 34° C 
From this, it is cleai that Fieeman believes the anemic extremity should be 
warmed by a surrounding air which is approximately at the same temperature 
as the average noimal warm foot 
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In a previous communication the authors® have reported a study of a series 
of expel iments m which different pressures were applied to rats’ tails foi 
diffeient peiiods of time In this pievious experimental study a remarkably 
constant set of conditions were found which seemed particularly appropriate 
for the study of the effects of tempeiature on the viability of tissues which 
were deprived of cii dilation It was found that if a rat’s tail weie subjected 
to a piessure of 130 Mm Hg for a peiiod of 18 houis at room temperature, 
massive gangrene subsequently occurred in all instances The tune factoi 
was so sharply defined that gangrene was never produced by pressure applied 
for less than 17 hours at looin temperatuie 

The piesent expei iments consisted in determining the minimum time for 
applying a pressuie of 130 Mm Hg to a lat’s tail maintained at a given tem- 



Fig 2 — Appantus emplo>ed for niainteinnce of temperatures 15® C 
and above The mechanism for pumping the warm or cold fluid is not shown 
in this photograph The coiled wires connect with the thermostatic control 


perature which Avould insure the subsequent development of gangrene after 
the animal had been returned to loom temperatuie The apparatus employed 
was similar to that previously described except foi the use of a largei chamber, 
which permitted exjiei iments to be conducted on eight animals simultaneously, 
and the addition of apparatus for the maintenance of constant tempeiatiires 
within the range of —5° to 40° C 

The apparatus (Figs i and 2) consisted of a closed, rectangulai coppei 
box across which weie sti etched eight thm-walled rubber tubes (Penrose 
tubing) into which the rats’ tails weie placed A constant pressuie of 
130 Mm Hg was maintained within the box by coinpiessed air and a suitable 
mercury valve One box contained a coil of copper tubing which served as 
the expansion chamber for SOg fed to the coil by a compressor obtained from 
a small commercial refrigeratoi In another box the coil served to conduct 
hot water fed by a small electrically driven pump The supply of the re- 
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fngerant or heating medium was controlled by thermostats sensitive to one 
01 two degiees’ temperatuie change The sensitivity of the thermostats and 
the even distribution of the chosen temperatuie to all paits of the box were 
controlled by paitially filling the chamber with dilute alcohol which was sub- 
jected to continuous, vigoious agitation by an electiically driven stiriei 

The tempeiatures chosen for the experiments were —5°, 1°, 5°, 15°, 30°, 
35° and 40° C Maintaining a constant piessuie of 130 Mm Hg , successive 
groups of rats’ tails were subjected to each temperature until the length of 
time for the uniform pioduction of gangrene was determined 

It is important to emphasize that the rats’ tails weie not left 111 the piessuie 
chamber until gangrene was present, and the time assigned as that necessaiy to 
pioduce gangrene, is the length of the period during which pressuie and 
temperature weie maintained m such instances as gangiene subsequently 
developed at 1 00111 tempeiature Although it was possible m some instances to 
predict the occurrence of gangrene at the time of the termination of the pres- 
sure and temperature, the actual state of gangrene did not occur until 8 to 24 
hours later If gangrene did not develop the animals weie saciificed after 
varying periods of obseivation and microscopic sections of the tails prepaied 
The results of the experiments are summaiized 111 Tables I and II Table I 
shows the lesults obtained m 117 of the 140 expeiiinents pei formed Table II 
sho\vs the minimum periods at each temperatuie m which gangiene subse- 
quently occuried at room tempeiature 





Table 

I 




Tempera- 

Number 

Number 

Incidence 

Tempera- 

Number 

Number 

Incidence 

ture 

of 

of 

of 

ture 

of 

of 

of 

Centigrade 

Hours 

Animals 

Gangrene 

Centigrade 

Hours 

Animals 

Gangrene 


I 

I 

0 


18 

I 

0 


2 

3 

0 


24 

I 

0 

0 

0 

0 

3 

5 

2 

15° c 

30 

2 

0 


4 

9 

9 


36 

5 

0 


5 

5 

5 


48 

8 

8 






72 

3 

3 


5 

2 

0 


24 

2 

0 


6 

2 

0 


30 

2 

0 

35° C 

7 

2 

0 

5°C 

36 

3 

0 


8 

4 

3 


48 

7 

0 


10 

5 

5 


72 

8 

0 


12 

2 

2 


96 

I 

I 


8 

2 

0 


18 

2 

0 


10 

3 

0 


30 

2 

0 

30° c 

12 

3 

I 

0 

0 

40 

2 

0 


14 

6 

4 


72 

3 

0 


16 

5 

5 


96 

4 

0 





-5°C 

8 

2 

2 


From an examination of Table II, it is obvious that the effectiveness of 
temperature became proportionately greater toward either the highest or 
the low^est tempeiatures studied Diminishing the tempeiature from 15° 
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to 1° C added at least 48 hours to the duration of viability, and increasing 
the tempeiature fiom 35° to 40° diminished the period of viability more than 
one-half 


Table II 


DURATION or ANEMIA NECESSARY TOR PRODUC- 
ING GANGRENE AT VARIOUS TEMPERATURES 


Temperature 

Centigrade 

1 ° 

5° 

15° 

30° 

35° 

40° 


Number of 
Hours 
96 plus 
96 
48 

14-16 
8-10 
3 -4 


It was impracticable to submit animals to confinement for more than 
g6 hours, and this peiiod of confinement was attended by a relatively laige 
pioportion of the animals dying duimg the peiiod m which pressure was 
being applied In two experiments the rats’ tails were subjected to a tempera- 
ture of —5° C for eight houis without piessure being applied In each in- 
stance the tail was frozen and gangrene developed In four other experiments 
gangiene occuired aftei the tails weie fiozen by immersion m alcohol at 
—75° C No attempt has been made to obtain supercooling as employed in 
the experiments of Lewis ^ 

The pathologic changes following diiTerent peiiods of ischemia at various 
tempeiatures in which gangrene did not occui were similar to those observed 
in the experiments previously lepoited It'is, liowever, worth calling attention 
to the fact that maiked fibious replacement of muscles was observed in in- 
stances in which the maintenance of a low temperature has pi evented the 
occur! ence of gangrene 

These expeiiments demonstrate conclusively that tempeiatuie is a poweiful 
factoi 111 detei mining the length of time tissues rendered completely anemic 
remain viable 

In these experiments theie has been no attempt to detei mine the mechanism 
by which temperature exerts an influence on viability of tissues completely 
deprived of circulation It is worth while pointing out, however, that the 
influence of the temperatuie on viability of the lats’ tails m these expeiiments 
was not because of any change in the receipt of nutritive material or the re- 
moval of waste pioducts In other woids, the condition as far as the circula- 
tion was conceined was presumably the same at each temperature Although 
these experiments might be used as furthei evidence that temperature may 
influence the development of gangiene because of an alteration of metabolism, 
we believe that this aigument should not be presented until more definite m- 
foimation is obtained Fuithermoie, it is impoitant to recognize that the 
teim gangrene as applied in clinical medicine to conditions developing from 
peiipheral vasculai disease designates postmortem changes rather than con- 
noting evidences of necrosis, and it is well-known that temperature is a 
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poweiful influence on the particulai postmortem changes constituting the 
clinical picture to which the term gangrene is applied 

The unceitainty of determining by gioss examination the exact time at 
which necrosis occurs is illustrated in these expeiiments, m which it uas 
fiequently impossible to deteimme at the end of a peiiod of continuous appli- 
cation of pressure if the tail were subsequently to undergo desiccation and 
spontaneous amputation In fact, if gangiene did occui there still remained 
a doubt as to the exact time of cessation of viability It may be added, 
howevei, that micioscopic sections of tails subjected to conditions unifoimly 
found to cause gangiene often show definite microscopic evidence of cell 
disintegi ation at the time of cessation of the period of anemia This is im- 
portant in mteipretmg Stan’s statement that he had observed that baking 



Fig 3 — Photograph showing characteristic appearance of gangrene Obtained fi\e dajs after removal 

of the tail from the pressure chamber 


of an extremity resulted in the rapid development of gangrene Two ex- 
periments have been performed to illustrate this point Two lats’ tails were 
subjected to a pressuie of 130 Mm Hg at 30° C for 16 hours, which m 
five previous experiments produced gangrene in all instances At the end 
of this period both tails weie equall)^ blanched and neither was gangrenous 
The tail of one animal was immediately transferred to a chamber m which 
the tempeiature was 1° C The temperature of the chamber of the other 
rat’s tail was elevated to 40° C No further jiiessure was applied to either 
tail The tail maintained at 40° C showed maiked discoloration m two hours 
and definite dismtegi ation at 12 hours The tail maintained at 1° C showed 
no evidence of gangrene at the end of 24 hours In fact, the tail appeared as 
if gangrene would not occur The tail was removed from the cold chamber 
and the animal returned to room temperature Evidences of gangrene ap- 
peared 111 24 hours Additional experiments are being pei formed to study 
the condition of the cii dilation in rats’ tails in periods mteivenmg between the 
cessation of piessure and the subsequent appearance of gangrene 

In conclusion, the authors wish to emphasize that the results of these 
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experiments aie not adequate evidence for the immediate acceptance of value 
in clinical medicine of methods of lefrigeration of extiemities rendered pie- 
sumably tempoiaiily anemic by peripheral vasculai disease Fust, there was 
definite evidence in the microscopic study of the lats’ tails which did not 
become gangienous that extensive fibrous leplacement of such highly special- 
ized tissues as muscles and neives may take place, although refiigeration had 
pi evented massive necrosis Second, conditions were present in these ex- 
pel iments which are very unlikely to be duplicated in clinical medicine In 



Tig 4 — Photomicrograph of rats tail made 15 da>s after 
subjection to 130 Mm Hg pressure for 48 hours, at 1° C A 1 
though gangrene was averted by low temperature, degeneration 
and fibrous replacement of the muscle can be seen 

the experiments there was a relatively thin part of the body completely de- 
piived of circulation by pressure This presumably produced a relatively 
naiiow transitional zone between the normal and modified tissues In clinical 
medicine the thickness of the part, the broad transitional zone not well-defined 
by transveise planes, and the absence of signs permitting the determination 
of impending necrosis make it piobable that the possible beneficial effects of 
lefrigeration in preventing gangiene will be solved not by laboratoiy experi- 
ments but by statistical data derived fiom clinical experience 

Before the adoption of refiigeration as a method for the maintenance of 
viability of fiee transplants of tissue, such as skin grafts, it will be necessary 
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to know the influence of refngeiation not only on the preset vation of viability, 
but also its influence on various factors involved in the healing of wounds 
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THE FUNCTION OF THE VERTEBRAL VEINS AND THEIR 
ROLE IN THE SPREAD OF METASTASES* 
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Metastatic abscesses and metastatic tumors can appear in locations 
that do not seem to be in line of diiect spread from then primary focus 
Theie is even a legulanty of distribution of these paradoxic metastases Ein- 
piiically, the roentgenologist makes a diagnosis of primary carcinoma of the 
piostate when he finds a ceitain peculiar distiibution of bone lesions in the 
pelvis Adequate explanation has not been forthcoming for the typical and 
pecuhai distribution of these metastatic lesions The pattern, to me, is not 
at all that of the neive sheaths of the area as suggested by Warren, et al^ 
It IS not the pattern of lymph vessel distiibution The only anatomic system 
into which this pattern fits is the system of veins which, in its plexifoim 
lamifications, infiltrates and invests the sacrum, the lumbar spine, and the 
adjacent wings of the iha Seveial years ago, I suggested that the archi- 
tecture of this plexus of veins could be exploied by taking advantage of the 
pelvic anastomoses of the deep dorsal vein of the penis The connections 
and the collateral cii dilations of this vein aie identical with those of the 
prostatic plexus of veins with which it connects Valves m the veins of this 
legion are exceedingly vaiiable All A'alves piesent permit flow toward the 
sacral venous plexus Injections were first made in 1937 A preliminary 
leport was lead before tlie Conference of Eastern Radiologists, in Phila- 
delphia, Januaiy 29, 1938, undei the title of “The Veins of the Sacrum in 
Relation to Metastatic Carcinoma from the Prostate ” This work has been 
continued and extended Injections and coiiosion prejiarations of the vessels 
of the head and neck, already completed, formed an invaluable background 
foi this study The dissemination of infections and tumors fiom organs in 
othei legions by the veins about the spine has also been consideied This 
has led to a better appieciation of the role of the vertebral veins in normal 
physiology 

CADAVER INJECTION EXPERIMENTS 

Expemucnt i — In oui first injection experiment we lifted the dorsal 
vein of the penis, in an adult cadaver, near the symphysis pubis and injected 
a thick radiopaque material toward the pelvis Specifically, we used Weber’s, 

* Part of the material of this paper was given in an address before the Philadelphia 
Laryngologic Society, March S, 1940, under the title, “The Circulation of the Head, Espe- 
ciallj Venous, with Reference to Osteomyelitis, Brain Abscess and Malignant Metastasis ” 
Part was also presented before the Philadelphia Neurologic Society, March 22, 1940, 
under the title, “The Cerebrospinal Veins ” 

Submitted for publication June 5, 1940 
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King’s yello’ii , artist’s tube ater coloi This was selected because its brilliant 
color allo^^s it to be leadily followed in tissues, fuither, it is ladiopaque 
The couise and progress of the injection Avas followed undei the fluoioscope 
The mass enteied the piostatic plexus of veins, passed along vessels of the 
lateial pelvic wall into the common iliac vein of either side and then to the 
vena cava infeiioi As can be seen fiom the accompanying i oentgenogram 
(Fig i) the right iliac aiteiy compiessed the vein at the point at wdnch 
it crossed it The lateral sacial veins are w^ell injected In the steieo- 
scopic films of this pelvis, the material can be follow^ed into the bone and 
into the sacial canal Some material spiead into the wungs of the ilium These 



Fig I Fig 2 


Fig I — Anteroposterior roentgenogram of pehis of male cad'i\er following the injection of thick 
radiopaque material into the deep dorsal ^eIn of the penis Note the extension of the injected mass into 
the sacrum 

Fig 2 — Anteroposterior roentgenogram of pehis of a male cadaaer injected with a thin radio 
paque material through the deep dorsal \eiii of the penis The injected material has rather completed 
infiltrated the \enous circulation of the pehis itself 

roentgenograms give us a pattern wdnch seems an exact replica of the pattern 
made by the early spread of caicinoma of the piostate It was suimised that 
the paiallelism wmuld be even more striking wnth a moie complete injection 
Evpei wient 2 — In the next cadavei, in older to secure a good injection 
of vessels of small calibei, a “fine” 01 thin injection mass w'as used We 
employed Weber’s artist’s watei color vermilion because m our expeiience 
It casts an excellent 1 oentgenographic shadow^ m extreme dilutions This 
piepaiation of the native sulphide of mercur} was diluted with w^ater until 
It w^as of the consistency of a light machine oil The injection was again 
made into the dorsal vein of the penis undei fluoioscopic control As befoie, 
the cadavei was in the dorsal lecumbent position We used an oidinary 20 cc 
glass syringe and light piessuie w ith the thumb or index finger No resistance 
to injection w^as encounteied, at times the plunger would close part way of 
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itself This time, to oiii suipiise, none of the mateiial reached the infeiior 
vena cava but instead spiead out in the veins in and about tbe sacrum itself 
The veins of the ilium and those of the lowei lumbai spine weie also injected 
This injection still better duplicated the pattern of metastatic spread 
from the prostate but it laised the question as to why the mass did not enter 
the vena cava inferior The mass was thin and met with no lesistance m the 

veins about the duia and those in and 
about the veitebrae The cadavei was 
m the dorsal recumbent position and 
hence the vena cava inferior was at a 
level several centimeters highei than 
those veins that were so readily filled 
The heaviei, more viscid mass in the 
fiist injection spread more rapidly in 
the channels of laige caliber To study 
furthei this vertebral spread, it was de- 
cided to use a laiger quantity of the 
thin mass foi the next injection 

Expel nnent j — A cadaver was pre- 
pared as before Fluoroscopic contiol 
was used, and after the injection of 
measured amounts of mass, loentgeno- 
giams were made At no time did the 
fluid entei the caval system of veins 
(Fig 2) The mateiial progressed up 
the spine through successive anatomic 
regions Many intei costal veins were 
filled as well as the veins of the bony 
pelvis 

When the amount of injection mass 
was increased to a total of 200 cc , the 
material attained the base of the skull 
and entered the cranial cavity The 
mass also extended along fine straight 
vessels into the right thigh (Fig 3 ) 
These were found to be vasa vasoruin, 
or, more specifically, venae vasorum of 
the femoial vessels Valves prevented the filling of other, larger veins of the 
thigh 

Although the vertebral plexus of veins of the uppei thoracic and cervical 
regions was familiai ground from our earlier preparations, we were not 
prepaied foi this extensive filling of the vertebral veins and the by-passing 
of the caval veins This specimen furnished a composite picture of the meta- 
static pattern of advanced cases of caicmomatosis with primary origin in the 
prostate 



Fig 3 — -The same cada\er as Fig 2 show 
mg’ the injection of the \enae vasorum of the 
femoral \e&sels F femur V vahe, Ve, venae 
\asorum 
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Repeated experience has shown that the extent and course of this injection 
was not an accident It has been made repeatedly and the course examined 
roentgenographically and by dissection This method of venous injection has 
for two years been routine in the preparation of male cadavera for dissection 
in this laboratory We use a latex rubber mass^ and expect to find fairly 
well filled such veins and sinuses of the cranial cavity as the superior longi- 
tudinal sinus, the cavernous sinus, Trolard’s anastomotic vein and others 

ANIMAL INJECTION EXPERIMENTS 

Our next interest was to see if this pattern of venous flow could be 
duplicated m a living animal or if it was but an artifact of cadaveric experi- 
ment This entire system of epidural and vertebral veins has a free and 
rich anastomosis at each spinal segment with the veins of the thoracico- 
abdominal cavity It is a system of veins without valves except in minor 
connecting channels The pressure in the system is very low With eveiy 
compression of the trunk, such as is done many times daily in straining, in 
lifting, m coughing, in holding one’s breath, it seemed to me that the intia- 
truncal pressure would be raised to a sufficient height so that blood would 
flow, not into the inferior vena cava, but into this vertebral system of veins 
In order to test this hypothesis the following experiment was carried out on 
the monkey 

Animal Experiment i — With an aseptic technic and sodium amjtal as an anesthetic, the deep 
dorsal vein of the penis of a Macaccus Rhesus monkey was isolated and a small cannula inserted The 
cannula tip was directed toward the pelvis Colloidal thorium dioxide, prepared for roentgenologic 
diagnosis, was injected with a h>podermic sjnnge into this cannula The roentgenogram (Fig 4A) 
shows that the material passed into the pelvis, followed around the pelvic wall and ascended the trunk 
bj means of the inferior vena cava We feel that these roentgenograms represent the ordinary course 
of flow during trunk muscle inactivit> In order to, in part, simulate conditions of increased intra 
abdominal pressure such as produced in coughing or straining, a towel was tied about the monkey’s 
abdomen and an injection was again made (Fig 4B) Under this condition, while some of the material 
entered the inferior vena cava it ascended only part way, some of the thorium medium passed into 
the vertebral system of veins and can be followed in the roentgenogram past the zone of compiession 
into the vessels of the thoracic spine and out into the lower intercostal veins Here then, in the 
living animal, under simulated physiologic conditions, we have a flow which parallels the injection made 
in the human cadav'er, and one which duplicates the pattern of prostatic carcinoma spread 

Animal Experiment 2 — This experiment was repeated on a second moiikej with identical results 
These results were so clear cut that it did not seem necessary to enlarge the series 

These experiments indicate that during the Valsalva maneuver, namely, 
compression of the chest and abdomen with the larynx and other sphincters 
closed, not only is the blood prevented fiom entering the chest by way of 
veins, but blood is actually squeezed out of the intra-abdominal veins into 
the vertebral vein system The increase in intraspmal or intracranial pressui e 
during the Valsalva maneuver or during its physiologic counteipait — cough- 
ing, sneezing, etc — is, theiefoie, active and not passive It is possible that 
the mtrathoracic and the intra-abdominal pressures may not always parallel 
each other Hamilton et al ^ studied coughing, etc , but ^\ ere concerned with 
the arterial blood piessure and the spinal fluid pressure and not with venous 
pressure It should be pointed out that any condition accompanied by cough- 
ing or straining would tend to increase the flow into this venous system, and 
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this may account foi the high incidence of cianial inetastases in lung abscess 
and bronchiogenic caicinoina 

Summary — The injections in the live animal were not essentially different 
fiom those obtained in cadavera, and show that the cadavei injections were 
not artifacts 



Fig 4 4 — The roentgenogram of living inonkei fhiiing injection of colloidal thorium dioxide into 

the deep dor>;al vein of the penis Die injected imterial pissed upward through the inferior veni 
cava B — The same ininnl is A during injection following ihdominal compression with a towel 
The nnterial no longer follows the inferior veni cava hut passes upward through the vertebril veins 
and IS vistiilired in lower intei costal veins 

CADAVER INJECTION EXPERIMENTS IN OTHER REGIONS 

Bieast tumois also give use to many “paiadoxic” inetastases To see 
uhethei a venous pattern would reflect the grouping of aberrant inetastases 
from bieast carcinoma, an injection was made into a small vein in the left 
bieast of an adult female cadavei The cadaver was in the dorsal recumbent 
position and although two venules weie cannulized, the injection was made 
m only one A wateiy, thin mass composed of artist s water color vermilion 
(mercury sulphide) was injected With the injection of 30 cc , the mateiial 
u as found m the clavicles, m the intercostal veins, m the head of the humerus, 
m the cervical veitebrae, m the tiansverse cianial venous sinus, and even m 
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the superioi longitudinal sinus (Figs 5A and 5) Some of the mateiial was 
also to be found in the azygous vein and in the supeiioi caval system These 
injections paiallel the spread of 
many of the so-called abeirant 


metastases fiom the hi east, for 
example those to the paranasal 
sinuses, to the skull bones, to 
the ceivical veitebrae and to 
the shoulder girdle, etc This 
injection has been lepeatedly 
duplicated 

In a lecent breast injection 
111 a senile female, a small can- 
nula was intioduced into a vein 
just lateial to the aieola mam- 
mae The first 15 cc of the 
injected mateiial spiead en- 
tirely into the adjacent subcu- 
taneous tissue The skin sur- 
rounding the site of injection 
flushed and this flush gradu- 
ally extended past the midline 
Only aftei the injection of 
more than 15 cc did the mass 



progiess into the iiitei costal 
veins and to the veitebial sys- 
tem of veins, and into the 
shouldei giidle In the roent- 
genogi aphic stei eoscope, the 
radiopaque mass is seen m the 
coiacoid process of the left 
scapula and m the head of the 
light humerus The spread of 
injected material 111 the sub- 
papillary plexus of the skin in- 
dicates that Handley's lym- 
phatic peimeation theoiy, even 
as it concerns the skin, might 
be lestudied with piofit 
Fuithei injection studies of the 
venules of the bieast aluays le- 
sulted m an erythematoid cu- 



taneous blush, often this 
spreads past the midline into 
the othei breast The veins 


Fig 5 — Conipo‘;ite interopostenor roentgenogrim of fe 
nnie c^d^\er ifter injection of ndiopaque m-iterial into 
1 \enule of the left brerst Note the e\ttn<;ne filling of the 
lertebnl \eins the superior longitudinal sinus transrerse 
sinus as well as in other dural and cerebral \cins 
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piesent a network iich enough to explain permeation should the microscopy 
of tumor cases indicate their invasion Possibly both lymphatics and venules 
are concerned in tumor spiead m the skin 

The parallelism between the architecture of the injected venous network 
and the pattern of distribution of metastases brings up the entire problem 
of the mechanism of tumor spread 

THEORIES OF TUMOR SPREAD 

Objections aie constantly occurring to current theories of tumor spread 
Objections of Handley’s* permeation theorj' are very completely stated by 



Fig 6 — Walther’s concept of tumor spread from ^arl 
ous regions i) primary lung tumors z) primary liver 
tumors, 3) tumors from the area drained by the caval 
sjstem, 4) tumors from the area drained by the portal 
sjstem 

Willis ® A clear summary of the whole problem, together with his own 
concept of tumor spread, is made by Walther,® who holds that metastases 
are carried by lymphatic channels only so far as regional lymph nodes, from 
that point on he feels that tumors aie spread by the blood-vascular system 
His views are shown in four clear-cut figures (Fig 6) to illustrate his four 
types He cannot concede the possibility of a retrograde lymphatic spread 
(Handley), and while he admits in theory the possibility of a temporary 
reversal of the flow m a vein, he does not think that this has any practical 
significance Walther did not envision the role of straining and coughing 
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in tumoi spread stated above It 
IS to be noted in each of Waltbei’s 
four t3'pes, namely, the lung, the 
liver, the portal and the caval, that 
he takes the metastatic material by 
way of the caval system through 
the heart, through the lungs, back 
through the heart and then to the 
peiipheral parts of the body This 
makes necessary his assumption of 
diff ei ential filters to explain the ab- 
sence of lung lesions It seems 
doubtful that an assumed predilec- 
tion of carcinoma cells foi tissues 
invaded routinely, explains the dis- 
tribution pattern in such conditions 
as metastatic carcinoma of the 
prostate 

The transporting of tumor cell 
masses m veins is established by 
numerous reports (see Willis,^ p 
i 8 ) The role of veins in the 
spreading of pyogenic processes 
needs no comment 

According to the concept here 
developed we have a vast intercom- 
municating system of veins which 
on the ground of anatomic injec- 
tions, animal experiments, and 
simple logic, IS constantly and 
ph3^siologicall3^ the site of frequent 
reversals of flow Dm mg these 
reversals a pathway up and down 
the spine exists which does not in- 
volve the heart or the lungs The 
pathway has many connections 
It provides a leady vehicle for the 
explanation of “aberrant” meta- 
static patterns and removes the 
stumbling block of the absence of 
lung involvement The course 
through an open foramen ovale, 
vhile still a possible path, is no 
longer necessar3’’ to explain this 
lung “paradox ” 




Tic 7 — Composite roentgenogrini of small male 
cadaver Injection of radiopaque material into deep 
dorsal ^eln of penis Note extensive cranial vein 
injection 
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THE VERTEBRAL VEINS AND CONNECTIONS 

I have lefened to these veins about the vertebral column with their con- 
nections as the veitebral veins Sometimes they are designated as the men- 
mgorachidian veins The strictly veitebial portion of the netwoik is com- 
posed of thin- walled vessels, when empty of blood they are difficult to identify 
yet they have consideiable volume Gilbeit Brescliet^ was the hist to full} 
appieciate the complexity and inteiielationship of these veins of the skull 
and vertebral column In the head and neck in man the veins ordinarily have 
no valves except at the point of emptying of the internal jugular veins 
Thioughout the cianium the veins of the brain, the veins of the meninges (the 
venous sinuses), and the veins of the skull bones themselves (the diploic 
veins), and the veins of the vaiious exti acranial plexuses anastomose richly 
The usual methods of study fail to indicate then extent and size Study of 
these vessels in the cadavei , in the experimental animal, and at the operating 
table show that they aie stoiage lakes'*" as well as pathways of drainage 
Stagnation is frequent Then thin walls indicate tliat their contents are 
under low piessuie 

The longitudinal veitebial veins duplicate then size and pattern from 
segment to segment , they have connections with tlie veins of the body cavities 
at each interveitebial space The head, except foi the two internal jugular 
veins, has a veiy similar aiiangement Even with the jugular veins, the 
posteiioi condyloid veins and the mastoid emissaiy veins and others act as 
by-passes, and aie part of a plexiform netwoik 

These veitebral veins have many and iich communications with the veins 
in the spinal canal, the veins aiound the spinal column, and those within the 
bones of the column This sj'stem communicates uith the segmental (inter- 
costal) veins of the thoiacico-abdominal wall (including those of the bieast) 
and with the azj'^gous system of veins Through the latter there are free 
communications with the posteiior bionchial vein and the jianetal pleural 
veins Theie aie an occasional communication with a renal vein and rich 
communications with the pelvic visceia Manj'^ of these communications are 
seen in a lecent injection 

In a five-foot foui-inch senile, male cadaver, weighing but 65 pounds, 
we weie able to leadily introduce 200 cc of medium into the meningorachidian 
system by means of the doisal vein of the penis A study of the roentgeno- 
grams of this cadavei shows that there has been some spill-over into the 
caval system Appaiently, this occurred through one of the lumbar veins, 
and the mateiial lan from theie m a letiogiade fashion into the renal and 
to a lesser degiee into an hepatic vein Even discounting for this spill into 
caval connections the amount of mateiial injected, 111 the absence of back 

* Bancroft, according to Franklin ** feels that an organ can be regarded as a blood 
depot only if it is clear “that the blood is not in the organ because it is being used there ” 
Wilhs, however, fails to include this vertebral plexus in his list of blood depots This 
seems to be an oversight, for the lertebral veins contain blood obMously not in use in 
the region 
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piessuie to can've distention, lepiesents a consideiable amount of fluid when 
latcd against the total amount of lilood in a small individual 

The testes and o\aiics do not oidmaiily have direct connections These 
\cins of the spine connect with the Acnac vasoium of the laige vessels of 
the cxtiemities and with the Aems of the two bony giidles and the veins of 
uppci ends of the femoia and humeii Foi the most ])ait, all of the vessels 
mentioned aie without eilectne valves The valves of the pelvic veins aie 
Aaiiable The aciiis accoiujiaiiMiig the spinal neives aie commonly desciibed 
as ha\mg vahes but. as seen In the injection (Fig 7), these valves aie no 
baiiiei to the suflusion of the entiie sjstem Developmentally, while this 
SAstem came from main components it has letamed its essential piimitiAfe 
chaiaclci — iich anastomoses, absence of calves, plexifoim channels and many 
1 eduplications 


THL AURTUllRVL AURKS AS V AUnN SYSTEM 


It IS pioposed that m addition to the lecogni^ed systems of veins, the 


pulmonaiA, the cacal and the poital. because of 
Its anatomic stiuctiiic. its jilnsiologic and its path- 
ologic impoitance we add. as a fouith, the veite- 
1)1 al SAstem of acuis (Fig 8 ) Accoiding to this 
concept. Ill CACiA act of straining, coughing, 01 
lifting AAiih the iippei c\ticmit\, the blood is not 
onh picAcnted fiom enteimg the thoiacico-ab- 
domiiial caAiiA it is actually squeezed out of the 
cacitA Tumois and abscesses of the thoracico- 
abdoininal Acall, including the bicast tumois of 
the lung, pehic tumois and abscesses, lesions of 
the shouldei and pelvic girdles, and occasionally 
tumois and abscesses of othei oigans hac'e con- 
nections AAith this vein s}steni and may theiefoie, 
have metastases distiibuted anywhere along the 
system AAithout involving the poital, the pulino- 
nai y 01 the caval system 

IMPLICATION AND EXTENSION OP CONCEPT 

Almost eveiy medical jouinal, medical meet- 
ing and hospital coindoi pi oa ides case lepoits 
Avhich aie undei standable by the mechanism heie 
leported but A\hich othei Avise aie obscuie Recent 
repoits (Weyiauch,'* and Walsh and Goldbeig^®) 
of disastei following diagnostic injections of peii- 
lenal air, and of blindness aftei pneumothoiax 
are, unquestionably, to be explained by the mtio- 
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duction of ail emboli into the veitebral venous S3istem This venous an em- 
bolism pioblem IS now being; studied in expeiimental animals and vill be 
lepoited shoitly (Batson, Webstei, MacDonald and Lewy) 

Othei applications to some of the pioblems laised by spinal cotd tumors 
and by ascending spinal infections will immediately occur to man}’- 

Tuiiiei and Jaffe^^ have lecently summaiized a laige senes of cases m 
legal d to metastases They note the tendencies of the various histologic 
types, but even aftei tins classification, much is unexplained if the vertebial 
veins are not utilized Oimond’- lejioits a case of cancel of the penis in 
which the spread piobably occuried thiough the veitebial veins These veins 
seem to explain why the neuiosuigeon so fiequently makes the diagnosis of 
bronchiogemc caicmoma vith cianial metastases The pinnary lesion pio- 
vides the tuinoi cells and the stimulus foi the cough which causes a flov from 
the bronchial veins, especially the posteiioi one, into the spinal veins rathei 
than into the veins of the right heait One would expect metastases to 
tiavel both upward and downwaid Folsoine^' lepoits tvo cases of laginal 
tumois, secondaiy to bionchiogenic caicmoma The utelo^aglnal veins are 
commonly without valves and as noted eailiei have iich communication with 
the veitebial veins 

Lung abscesses pioverbially have secondaiy abscesses in the biain The 
posterioi bronchial vein and vertebial veins vith the evei -pi esent cough 
appeal to pi esent the plausible loute of extension 

CONCLUSIONS 

Many metastatic tumois and abscesses do not fit leadily into accepted 
explanations foi tumoi spiead The absence of lung involvement has been 
a constant stumbling block to curient theoiies Even an open foramen ovale 
has been used to explain metastatic jiaiadoxes 

The veitebral veins with then rich, valveless lamifications and connections 
offei a possible solution to the difficulty Injections bnto this system by way 
of the deep doisal vein of the penis gives a pattern duplicating typical pio- 
static caicmoma spiead Injection of bieast venules seems to duplicate the 
pattern of aberiant bieast cancel spiead, ic , spiead into the spine, the iibs, 
the shouldei gndle and the skull 

Injection expeiiments in living monkeys, with simulated abdominal stiani- 
mg, shon that the venous flow fiom pelvic veins is into the A’eitebial vein 
system 

The veitebral vein complex with its cianial and body-wall connections 
acts as a sepaiate vein system It may be eithei a A’enous pool, oi it may 
be a venous by-pass foi the othei vein systems 

It IS possible to explain most cases of abeiiant malignant metastases, 
abeirant pyogenic metastases and abeirant embolism following an injections 
b} the demonstrated idle of the vertebial vein sjstem 

It IS pioposed that the veins of the biam, skull, neck, viscera, veitebral 
column (together with then valveless connections in the gndles) and the 
bod} -vail leins be consideied a separate altbough overlapping, system of 
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^elns e suggest, foi bievil}, that the teiin veitebral veins be used to 
indicate tins s}stem Accoiding to this concept the venous systems consist of 
the ca\al, pulmonai}, poital and ^cltcblal divisions 
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PLASMA TRANSFUSION IN THE TREATMENT OF THE 
FLUID SHIFT IN SEVERE BURNS 

J Russell Elkinton, M D , William A Wolff, Ph D , 

AND 

Walter Estell Lee, MD 

PiriLADFLPIlIA, Pa 

FHOM THF SUnOICAL SlnMCFS \ND TIIF AYLIl CLINICAL I ABOHATOni OF TIIF PFNNSILIANIA HOSPITAL, 

1 IIILADFLPIIIA PA 

The mechanism and tieatnient of the fluid imbalance that occurs in 
severe burns is a special problem of surgical physiology All too often, in 
discussions of fluid balance m surgical patients this problem is mentioned 
casually and therapy suggested that is definitely out of harmony with recent 
experimental findings on the subject In the authors’ opinion this situation 
wai rants, at this time, fuither emphasis on the physiologic mechanism in- 
volved and its therapeutic implications 

Early repoits fiom this dmic^ have stiessed the local treatment of bums 
Recently, several cases of severe bums were observed in a study of the gen- 
eral problems of M^ater and electrolyte contiol in suigical patients,- ^ and 
these observations have led to a new interest in the pathologic physiology 
involved Since that repoit appeared, five more cases of moderately severe 
burns have been observed Plasma transfusion was studied as a treatment 
foi the shift of body fluids that occurs dining the first three days An effort 
was made to quantitate the protein replacement and to determine the time 
at which the capillaries regain their impei meability to protein 

Physiologic Considci atwns — It has long been known that a decrease in 
the fluid fi action of the blood, variously termed as anhydremia, oligemia, or 
hemoconcentration, is a common phenomenon associated with severe burns 
Baraduc,'* in 1862, described the thickening of the blood, and suggested that 
theiapy should be directed towaid the prevention of fluid loss from the burned 
surfaces and restoration of blood volume, especially the fluid pait Tap- 
peiner,® m 1881, and Locke,® in 1902, repoited the hemoconcentration of 
severe bums, and Undeihill,'^ in 1923, again emphasized its therapeutic and 
prognostic importance 

Experimental and clinical studies have done much to clarify the mechanism 
of this hemoconcentration Davidson,® m 1927, studied the plasma protein 
111 ten cases and found a moderate lowering of the plasma protein concentra- 
tion in the more severe cases , which finding, in the presence of hemoconcen- 
tiation, was evidence of loss of whole plasma Underhill, Kapsinow, and 
Fisk,® 111 1930, showed 111 experimental animals that the capillaries 111 the 
burned area weie readily permeable to methylene blue and trypan blue, and 
that 111 a burn of one-sixth of the body surface, the local edema fluid was 
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equal to 70 pci cent of the total blood Aoliime, and, finally, that the composi- 
tion of the local edema fluid closely lesemblcd that of blood plasma Bla- 
lock’*’ ” found. Ill an expeiimcntal study, that the edema fluid accumulating 
in the binned aica a^elagcd 57 pei cent of the total plasma volume and con- 
tained about the same conccnti ation of piotem as the plasma Mclver,’^- m 
a study of 16 patients stiessed the loss of plasma as shown by a fall in the 
plasma le\el and hemoconcenti ation Harkins’'’-^’ demonstiated in dogs a 
considerable reduction in “bleeding \olume,” and hence m blood volume, con- 
fiimcd Blalock’s finding of a marked fluid shift to the burned area, and 
showed the dcccleiating late of the fluid accumulation Weiner, Rowlette, and 
Elman’’’ cmjihasi7cd, fiom a stud} of 40 patients, the loss of plasma piotem 
Schicvcis’” demonstiated cxpenmcntall} the loss of plasma piotem into the 
tissues of the buincd area which 1 educed the absolute quantity of circulating 
plasma protein, and showed h\ the caihon monoxide method the simultaneous 
diminution of blood \olume Lambiet and Dnessens’" found by the Congo 
red method a similai 1 eduction ot plasma \olume m burned dogs, and demon- 
strated a high concenti ation of piotem in the edema fluid Keeley, Gibson 
and Pijoan,’'' using the “E\ans blue’ method, found m burned dogs a 21 to 
60 per cent reduction in plasma volume 

These exjiciimcntal and clinical obscivations indicate the fundamental 
mechanism of the fluid imbalance which occurs during the fiist few houis 
after a seAerc hum Capillar} stasis and alteied peimeabihty in the burned 
area permit passage of plasma piotem across the capillaiy membrane with 
a coi responding distuibance of osmotic piessuie lelationships As a result, 
tissue fluids arc increased and the plasma volume is diminished This fluid 
imbalance is pnmauly an abnonnal dislnbufion, 01 drift, of fluid rather- than 
an external loss Some fluid and piotem is lost externally fiom the burned 
surface befoie tanning may be completed, but the amount must be small 
compared to that which accumulates m the tissues 

This conception leads to ceitam logical deductions regarding theiapy 
Cleaily, the fluid lost fiom the vascular compartment to the tissues wmuld 
best be returned by replacing the lost plasma piotem This would raise the 
plasma osmotic pressuie to a value sufficient to lestore and maintain the 
normal distribution of fluid between the intravasculai and mteistitial com- 
partments In such a restoration of the plasma protein tivo factois must be 
considered First, the time at which the capillaiies m the burned area regain 
their impermeability to piotem, and second, the total quantity of protein le- 
quired Furtheimoie, wheie there is not a maiked external loss of fluid, the 
need for w'ater and electiolytes is moderate only, as the excess fluid m the 
tissues should be available wdien the plasma osmotic piessure is lestoied to a 
normal level The administration of excessive amounts of physiologic saline 
solution, without plasma piotem, only increases an edema aheady present, 
and must be given m dangeiously laige amounts to have any significant effect 
on the plasma volume The administi ation of large amounts of water alone, 
without sodium salts, may lesult in a dangerous lowering of the extracellular 
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electrolyte concentration, or water intoxication This occuis because the low- 
ered plasma volume and plasma protein concentration inteifere with the 
normal renal defense by diuresis 

These ideas legaiding therapy are not new Riehl,^^ m 1925, reported 
the beneficial effect of whole blood tians fusion Glover^® pointed out the 
dangei of producing a maiked edema by the excessive use of saline infusions 
The importance of leplacing the lost plasma protein was fully appieciated by 
Weiner, Rowlette, and Elman^^ who noted that in patients treated with large 
amounts of glucose and saline solutions alone there was a fall in plasma pio- 
tem with little coriection of the hemoconcentration The latter authois ob- 
tained prompt correction of the hemoconcentiation in a number of patients by 
the intravenous use of acacia 01 plasma, and pointed out that “plasma is ap- 
parently more efficacious than whole blood because of the excessive concen- 
tration of red blood cells already piesent ’’ Wilson, MacGiegor, and Stew- 
art"^ used intiavenous gum acacia-saline and whole blood in their series of 
cases with great success On the basis of experimental and clinical observa- 
tions McCluie-" has advocated the piompt replacement of circulating protein 
by plasma tiansfusions Truslei, Egbeit, and Williams-^ have also employed 
whole blood and plasma transfusions and have cautioned against the pos- 
sibility of watei intoxication lesulting fiom the excess use of fluids Plasma 
transfusion combined with fluids in model ate amounts has already been 
stressed in publications from this clinic- ® as the logical treatment in burns 

Scudder-'* has advocated the employment of adrenal coitical extiact and 
hypertonic saline solution, and showed, in one of his cases, that these agents 
apparently had a gieat effect on the plasma volume m the absence of eithei 
quantitative protein replacement or administration of excessive amounts of 
normal saline solution and watei Whether 01 not this legimen is better than 
the one employed heie remains to be seen But in the five cases reported in 
this paper, plasma tiansfusion was administeied alone, in an effoit to eval- 
uate its therapeutic efficacy 

Method of Study — During the phase of fluid shift, hematocrit and plasma 
protein deteiminations were made every few hours Fiom these figures ap- 
proximate plasma volumes and total amounts of circulating plasma piotein 
were calculated The amount of plasma coi responding to a unit volume of 
cells at any hematociit value ma)'’ be compared with the plasma coriespond- 
ing to the unit volume of cells at the normal hematocrit value to give a ratio 
of plasma volume changes This ratio is expressed as follows 

(100 — Ho) Hn 

(100 — Hn) Ho 

where Hn stands for the normal hematocrit value and Ho foi the observed 
hematocrit value When the normal plasma volume, aibitraiily assumed to 
equal 5 pei cent of the body weight, is multiplied by this factor, an appioxi- 
mate value for the observed plasma volume is obtained From this plasma 
volume, and the observed plasma piotem concentration, the total amount of 
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circulating plasma piotcin is estimated The plasma deficit is the diffeience 
betAAeeii the lattei value and the noimal total amount of plasma protein (7 
Gm pel cent times the noimal plasma volume) 

The dciuation of these values at a given time may be illustiated as follows 


Normal body \\eiiTht (W) 

Normal hematocrit (Hn) 

Normal plasma \ olume 

Normal total amount of plasma protein 

Normal plasma protein cone (Pn) 

Obser\ ed hematocrit (Ho) 

Obser\ ed plasma protein cone (Po) 

Obsen ed plasma \ olume 

43 X 44 X 3 95 ^ ^ 
56 X 57 

Observed total amount of plasma protein 
Plasma protein deficit 


= 79 Kg 
= 44% cells 

= o 05 X 79 = 3 95 liters 
= 70 X 3 95 = 276 Gm 
= 7 Gm per cent 
= 57% cells 
= 64 Gm per cent 

(100 — Ho) Hn , , 

X normal plasma volume 

(100 — Hn) Ho 

liters = 59% of normal 

== 64 X 2 34 = 150 Gm = 54% of normal 
= 276 — 150 = 126 Gm 


Tins calculation of the plasma piotein deficit may be expressed m a single 
foi inula as follows 


Plasma protein deficit in grams = 3 5 W — 


W (100 - Ho) Hn Po 
2 (100 — Hn) Ho 


The deficit, or lequnement m giams of protein, may be conveited into cubic 
centimeteis of plasma by multiplication by the factor 14 

Such a calculation of the deficit involves the eriors inherent in the meas- 
urement of hematocrit and plasma protein values and m the assumption of 
normal hematocrit level and plasma volume These eirois may be cumula- 
tive, and the final result is an approximation only HotAevei, in the cases 
lepoited heiewith, the calculated lequnement should be within 10 pei cent 
of the real value 

Patients weie followed in this mannei duiing the first 72 hours after the 
burn Plasma protein was supplied in the foim of plasma transfusions These 
were given at vaiious tune inteivals after the bum in Older to deteimine the 
ability of the capillaiies to hold protein Fluids were given in various 
amounts, the uiinary output was measuied, and the insensible loss of water 
was estimated 

The plasma employed in the transfusions was obtained by centrifuging 
citrated whole blood Some of this was loutmely sepaiated from five-day-old 
blood 111 the Blood Bank The lemamder was sepaiated from freshly drawn 
blood Plasma was pooled from any type of blood available and no reactions 
were observed It was given undiluted 111 order to obtain the maximum 
osmotic effect 


CASE REPORTS 


Case 5 C E , Negro, male, age 33, sustained, from boiling water, second and 
third degree burns of left side of the chest, abdomen, and back from midline anteriorly to 

Cases I to 4 (inclusive) of this series have been reported -- ^ 
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midhne posteriorly, left upper arm, right hand, and left thigh (25 per cent of the body 
surface) Treated locallj with 10 per cent tannic acid and 10 per cent silver nitrate 

Mild local edema first four dajs Systemic reaction with fever, albuminuria, and 
impairment of liver function reaching a peak on fifth and sixth days Eschar completely 
removed between eighth and fifteenth days Mercresm and saline soaks to granulating 
areas with several skin graftings Discharged healed on one hundred fourteenth day 
Chart I — Case 5 shows 

(1) The immediate loss of plasma volume to 63 per cent of normal within 40 minutes 
after the burn 

(2) The corresponding rapid loss of plasma protein 




Chart i — Case s Chart i — Case 6 Chart 2 — Case 8 Chart 2 — Case 9 


(3) The lack of effect on the plasma volume of the administration of 6,000 cc of 
protein-free fluids during the first 24 hours 

(4) The immediate response of the plasma volume to the plasma transfusion of 1,400 
cc during the twenty-first and twenty-second hours 

(5) The loss of most of this administered plasma protein within six hours, and the 
corresponding drop in plasma volume 

(6) The plasma transfusion during the sixty-sixth hour, returning the plasma volume 
approximately to normal 

(7) The restoration of plasma volume without a positive water balance of protein- 
free fluid 

Case 6 — R C , Puerto Rican, male, age 37, sustained, from boiling water, second de- 
gree burns of lower chest and abdomen, left thigh, and left forearm (10 per cent of body 
surface) Admitted 24 hours after burn occurred Treated locally with 10 per cent tannic 
acid and 10 per cent silver nitrate 
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No local edema No sjstemic reaction except for albuminuria on fifth day Primary 
healing under eschar Discharged healed on thirty-ninth day after the burn 

Chart I — Case 6 show s 

( 1 ) The marked loss of plasma volume and total amount of circulating plasma protein 
that maj occur wnth a relatncly small burn that is neglected 

(2) The prompt, adequate response to plasma transfusion given during forty-fourth 
and fortj -fifth hours after burn 

(3) The abihtv of capillaries to hold protein at this time 

(4) The restoration of plasma \olume without a positive w'ater balance of protein- 
free fluid 

Case 7 — P C, white, male, age 60, sustained, from boiling w^ater, first and second 
degree burns of scalp, face, neck and shoulders (10 per cent of bod)' surface) Treated 
localh with 2 per cent gentian violet 

Moderate local edema first ten da)S No systemic reaction Primar) healing under 
eschar Discharged fourteenth da) 

No chart is shown because the changes w'cre qualitatnel) identical wnth those shown 
m the other cases However, the following facts arc presented 

(1) The plasma %olume fell to 82 per cent of normal at one hour after the burn, and 
reached its lowest \alue, 75 per cent of normal, at 18 hours 

(2) There was a corresponding fall in total amount of circulating plasma protein 

{3) There w’as a return of plasma volume to normal following a plasma transfusion 
of 580 cc during the fortieth hour 

(4) The capillaries held this protein, given during the fortieth hour 

Case 8 — J P , Negro, male, age 44 sustained, from fire, second and third degree 
burns of face, neck, forearms and hands (15 per cent of body surface) Treated locally 
with 2 per cent gentian violet 

Se\erc edema at sites of burn during first three days Marked systemic disturbance 
wuth fever, albuminuria, impairment of liver function Severe irritative bronchitis from 
smoke inhalation Hemohtic streptococcus isolated on the fifth day from under eschar, 
which had not been completely rcmo\ed Despite sulfanilamide, developed septicemia and 
died, acutely febrile, on eighth day 

Chart 2 — Case 8 show's 

(1) The extremely rapid diminution of plasma volume to 73 per cent of normal in 
15 minutes after the burn, and to 55 per cent in three hours 

(2) The corresponding rapid loss of plasma protein 

(3) The administration of small doses of protein in plasma transfusion to prevent 
excessive hemoconcentration, until the capillaries regained their impermeability to protein 

(4) The administration of a large plasma transfusion during the fort) -first and fort)- 
second hours, w'lth an adequate rise in plasma volume and retention of plasma protein 

(5) The restoration of plasma volume without a large positive w'ater balance of 
protein-free fluid 

Case 9 — J A P , white, male, age 23, sustained, from fire, second and third degree 
burns of the right shoulder, upper arm, back, side, chest, upper abdomen, and left hand 
(20 per cent of the body surface) Treated locally with 2 per cent gentian violet 

Severe edema of burned areas during first seven days Systemic reaction with 
albuminuria, fever, impaired liver function Areas of local infection, w'lth eschar com- 
pletely removed twelfth to fifteenth day Mercresm and saline soaks to granulating areas, 
and skin grafts Discharged practically healed on seventy-eighth day 

Chart 2 — Case 9 shows 

(1) The initial rapid diminution of plasma volume to 73 per cent of normal m 20 
minutes after the burn 

(2) The corresponding rapid loss of plasma protein 

(3) The administration of small doses of protein in plasma transfusion to prevent 
excessive hemoconcentration 
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(4) The administration of a large amount of protein during the thirty-first and 
thirty-second hours, with onlj partial restoration of plasma volume and partial retention 
of plasma protein 

(5) The complete restoiation of plasma Volume, with final small dose of protein 
given during forty-seventh houi 

(6) The restoration of plasma volume without a large positive water balance of 
protein-free fluid 


SUMMARY AND CONCLUSIONS 

Five cases of moderate!}' seveie bums have been studied 111 the liglit of 
recent experimental and clinical obseivations The lesults are in accoi dance 
with the view that the fluid imbalance is piimanly due to an altered capillary 
peimeabihty with a shift of fluid and protein into the tissues, rather than an 
external loss 

The restoration of plasma protein by means of plasma tiansfusion is a 
lational tieatment foi this fluid shift 

Evidence is piesented that the loss of plasma piotem continues until the 
thirty-first to fortieth hour Duiing this peiiod excessive hemoconcentiation 
may be prevented by small lepeated plasma tiansfusions Whethei or not 
this period of healing is a general biologic piopeity of damaged capillaries 
cannot be stated from the evidence at hand 

Aftei the fortieth hour, when the capillanes have legamed their impel - 
meability to protein, the deficit of plasma piotein may be corrected, quantita- 
tively, by a large plasma tiansfusion The amount of protein required is cal- 
culated by a formula based on hematociit values, plasma protein concentiation, 
and body weight 

This regimen peimits the lestoration of plasma volume to noimal without 
the administration of excessive amounts of protein-free fluids 

The authors are indebted to Di John B Flick for access to patients on his Service, 
and acknowledge the assistance of the hospital clinical and laboratory staffs 
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LIVER DAMAGE AND DEXTROSE TOLERANCE 
IN SEVERE BURNS 

WiLLiAAi A Wolff, Pii D , J Russell Elkinton, M D , 

AND 

Jonathan E Rhoads, M D 

PlIILADELPJlIA, Pa 

FROM THE AIER CLINIC \L LABOR VTOR\ AND THE SURGICAL SFRMCES OP THE PEVNS1L\AMA HOSPITAL, 

PinLADELllII\, lA 

Information concerning damage to the hvei m patients with severe bums 
has been based in the past, largely, on histologic studies of postmortem mate- 
iial ^ In the piesent stud}^ objective evidence of hepatic damage was ob- 
tained dining life by the use of hvei function tests . Three patients with sec- 
ond and thud degree bums of 15 to 25 per cent of tbe body surface were 
studied Details of the case histones have been published elsewhere^ Dis- 
turbances 111 the fluid balance of these patients weie corrected within 48 hours 
aftei the bum by the employment of plasma tiansfusions , and at no time did 
the patients show marked symptoms of secondaiy shock Cases 5 and 9 
lecovered while Case 8 died with a hemolytic streptococcal septicemia, on the 
eighth day 

Bilirubinemia, biomsulphalein retention, hippuric acid output, plasma pro- 
thiombin concentration and dextiose tolerance were determined in the thiee 
cases at fiequent inteivals The results aie presented in Chaits i, 2 and 3 
The hyperbilirubinemia, dining the fiist 48 houis, may have been caused 
either by a rapid bieakdown of led cells mjuied by heat in the binned area, 
01 by failuie of the hvei to exciete biliiubin at a noimal late An abnoiinal 
bromsulphalem letention was obseived between the fouith and fifteenth 
days of each case During this peiiod, the capacity of the hvei foi producing 
glycine and foiming hippuiic acid became impaired to a variable extent 111 
Cases 8 and 9 an observation which confiims the lepoit of Boyce and Mc- 
Fetridge ^ Moderate 1 eductions in the plasma piothiombm concentration 
i\eie obseived in each case As none of the other causes of hypopi othrom- 
binemia weie piesent, this finding may be legarded as presumptive evidence 
of hepatic damage 

The dextiose toleiance curve is the lesult of several factors, of which 
the functional capacity of the liver is one Cuives obtained on these patients 
show maiked deviations from the noimal Although the curves might be 
legarded as evidence foi impairment of the hepatic mechanism for glyco- 
genesis, other factors, hormonal and dietaiy, must be evaluated before an 
accurate interpietation can be made 

Submitted for publication May i, 1940 
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BROMSULFALEIN (% dye rtlcntton) ♦ DEXTROSE TOLERANCE 

BILIRUBIN (1119 96) HIPPURIC ACID TEST (gin bemoic acid) | 

' PROTHROMBIN (96noimal) Q 

Chart i, Cnse s 



BROMSULFALEIN (94 dye rctcrTtionr) DEXTROSE TOLERANCE 

BILIRUBIN (mg 96) HIPPURIC ACID TEST (gm benioic acid) | 

PROTHROMBIN (96 normal) Q 


Chart 2, Cuse 8 



BROMSULFALEIN (94 dye retention) DEXTROSE TOLERANCE 

BILIRUBIN (mg 96) HIPPURIC ACID TEST (gm benzoic acid) | 

PROTHROMBIN (96 normal) Q 


Chart 3, Cnse 9 
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CONCLUSIONS 

The effect of seveie bums on bilirubinemia, bi omsulphalein letention, 
hippunc acid formation, prothrombinemia, and dextiose tolerance weie studied 
in three patients The changes found m bromsulphalein retention, hippunc 
acid foimation, and pi othi ombinemia indicate the presence of hepatic damage, 
especially during the period fiom the third to the tenth day following the 
injury The changes m the bilirubin and dextrose tolerance aie also suggestive 
of liver injury. Whether the cause of the distuibance in the liver is a toxin 
from the burned aiea, anoxia associated with capillaiy stasis, infection, oi a 
combination of these factois cannot be stated at the present time 
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ERRATUM 

In the article by Dr Charles H Watt, “A Modified Spur-Crushing Clamp and Its 
Use,” appearing m the Annals of Surgery, hi, 1076-1083, June, 1940, the legend for 
Figure I should read “The author's modification of the Stetten spur-crusher The 
original Stetten clamp does not have the blade ” 
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TUMORS OF ISLET CELLS WITH HYPERINSULINISM, BENIGN, 

jmalignant, and questionable 

V Kneeland Frantz, MD 
Nlw Yohk, N Y 

FROM TIIF SUnOICM rvTIIOIOO\ L^nOnATORl OF TIIF COI LFOF OF I'll'l SICIWS SUItGFONS, COLUMBIA UN I\ EH 

sm, AND TIIF UIPAUTMFNT OF SUROFUA , rHESHATFIlIAN HOSPITAL, NFM lOUh., N A 

As THE NUMBER of rcpoi tccl cases of hypoglycemia with islet cell tumoi 
increases, one is struck in leviewing the literatuie by the large proportion of 
circumscribed tumoi s removed Mith relief of symptoms in which the patholo- 
gist has been in doubt as to whether the tumor was malignant or benign The 
most notable case m point is the first successful opeiative lemoval by Roscoe 
Graham, m 1929, of a tumor thought possibly malignant, lepoited by Howland, 
Campbell, Maltby and Robinson^'* (1929) The ten-year follow-up on this 
case has recently been published by Campbell, Giaham and Robinson^® (i 939 ) 

In our own series (Whipple and Frantz,®^ 1935 ) eight tumors in six 
patients, no tumor had seemed to us to have any features suggestive of malig- 
nancy, microscopically, other than lack of complete encapsulation Since 
then, however, in subsequent cases m our series, the histologic findings in some 
were definitely suggestive of malignancy Some of these were listed by 
Whipple®® (1938) but without pathologic report It is the purpose of this 
paper to pi esent these in greater detail and to analyze the cases reported in the 
literature to date (December 31, 1939), as far as it has been possible to find 
them,"'' with particular reference to possible malignant characteiistics f 

To date (Decembei 31, 1939), m this hospital, 16 patients have been ex- 
plored because of hypoglycemia In one case, no tumor was found and partial 
pancreatectomy was perfoimed with some lelief In the 15 cases with tumor, 
three had two tumors, making a total of 18 tumoi s for examination Of these, 
four showed lack of encapsulation and blood vessel invasion, leading us to 
fear that they were malignant 

Submitted for publication February 2, 1940 

* The Quarterly Index, at the time this is submitted for publication, is available only 
through September, 1939 

7 The tables and the discussion which follow are limited to those cases m which 
there were hypoglycemia and islet cell tumor This necessitates eliminating the following 
cases, some of which have occasionally been misquoted Vecchi,^" 1914, Zanetti,®' 1927, 
Fahri and Sedad,^® 1929, Fedoroff, 2 i 1931, Hamdi,®° 1932, Cottalorda and Escarras,^'' 
1933 . Berardinelli," 1934 , Herman, 1935 , Evangehsti,^® 1935 , Bailey and Cutler,^ 1938 , 
Dubois-Ferriere,^® 1939 
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ABBREVIATED CASE REPORTS OF FOUR INSTANCES OF ISLET CELL TUMOR 
THOUGHT POSSIBLY TO BE MALIGNANT 

Case I — Whipple,®® Case 8 (1938) Presbyterian Hospital No 510933 A M , white, 
male, age 51 Symptoms for one year, characterized by inability to be roused m the early 
morning, irrationality, psychomotor activity, and amnesia for the attacks Patient noted 
food relationship and for six months before admission had been taking sugar and orange 



Fig I — Case i Low power photomicrograph 
showing circumscribed tumor and adjacent pan 
creas The capsule microscopicall> howe\er was 
not complete Note the hbrosis in the tumoi 



Fig 2 — Case i Higher power photomicro 
graph showing arrangement of tumor cells, notablj 
around \ascular spaces The cells show some 
pleomorjihism but the tumor is well differentiated 


juice at bedtime and at 4 a m Attacks increasing in frequencj Minimum blood sugar 
37 mg per cent 

Opeiatiou — Februarj 4, 1937 Dr Allen O Whipple No tumor found at first and, 
therefore, the tail and half of the body were resected It was then possible to palpate the 
tumor in the head, and shell it out 

Postopciatwc Couisc — Patient improved for first 36 hours, stated that he felt men- 



Fig 3 Fig 4 


Figs 3 and 4 — Case i Photomiciographs showing tumor cells in blood \essels 

tally clearer, and had no further hypoglycemia But he developed bronchopneumonia and 
died, his temperature rising to 108° F, and his blood amylase to 138 units (Myers and 
Killian method) No autopsy was obtained 

Pathologic Examination — Gioss Path No 63130, Dr V K Frantz The tumor, 
apparently encapsulated, measured i 5x1 0x0 8 cm , and had a thin strip of pancreatic tissue 
adherent to the capsule It appeared jellowish, with a faint bluish overtone, and the 
surface vessels were fine but engorged On section, it was soft, pinkish-yellow, with 
ill-defined areas of white fibrous tissue 

Mic) oscopically (Figs i, 2, 3 and 4), the capsule was incomplete, tumor cells ap- 
peared to invade the surrounding pancreas The cells, vhich somewhat resembled the 
cells of the islands in the adjacent pancreas, were arranged m nbbon-like cords, sometimes 
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arranged in rosettes about endotlielial-lined blood-filled spaces, or about siniilar spaces 
lacking an endothelial lining There was considerable variation in cell size and quite 
marked h}perchroniatism No mitoses were seen 

Dr klargaret Alurray attempted to cultivate this tumor in viti o, but failed, although 
she had previousli' obtained excellent growth from an islet cell adenoma, with subsequent 
graft into a diabetic patient (Murray and Bradlej”® 1935) 

Case 2 — Whipple,®” Case 10 (1938) Presb3'terian Hospital No 540606 J S , white, 
male age 50 S3 mptoms for one 3 car, characterized by attacks of confusion, disorientation, 
and unconsciousness with convulsu e movements, with amnesia for the attacks The 
episodes occurred chiefl3 during the earl3^ morning For four months before admission 
the3 had increased in frequenc3' and severit3’' The minimum blood sugar 27 mg per cent 
Opel attou— January 13, 1938 Dr Allen O Whipple Splenectomy and resection of 
the tail of the pancreas, in which a tumor was palpable 

Subsequent Couise — Patient made good recovery from operation and is free from 
CMdence of disease, 17 months later 



Fig 5 — Cnse 2 Photomicrograph sho^\ mp the 
general topograph\ of the tumor Note the large 
number of \ascular spaces, and moderate varn 
biht\ in the cells 



Fir C — Case 2 Higher power photomicro 
graph showing a aascular space lined bj tumor 
cells, with cells in mitosis bordering the lumen, and 
one in mitosis, free in the lumen among the 
erjthroc>tes 


Pathologie Exaimnahon — Gioss Path No 66090, Dr V K Frantz On the anterior 
aspect of the specimen of tail of the pancreas submitted, there was a bluish swelling shining 
through the capsule of the gland On section, this proved to be an oval, almost completely 
encapsulated mass of very friable, very soft, dark-purphsh tissue The encapsulation, 
grossly, was not complete over one small area 

Mici oscopteally (Figs 5 and 6), the capsule was incomplete The tumor was 
composed of cells resembling the cells of the islet tissue m the adjacent pancreas There 
were occasionalb , however, much larger cells, and numerous mitotic figures The cells 
were arranged in broad, wavy bands, separated from one another by irregular spaces filled 
with blood Only occasionally could an endothelial lining be observed in these spaces 
In at least four instances, cells in mitosis were found directly lining a vascular space, and, 
in two instances, a cell in mitosis lay free in one of the vascular spaces 

Dr Margaret Murray cultivated this tumor m vitio (Figs 7 and 8) The growth 
was much more vigorous than in the tumors previously cultivated and more bizarre The 
first epithelial growth was observed m 24 hours, the shortest latent period of any of the 
tumors By the fourth day, there was a diffuse growth m most of the cultures There was 
some pleomorphism A striking feature of the first growth was the appearance of large 
multinucleated cells These did not reappear after the cultures were transferred The 
rapidity of cell multiplication approached the rate of growth of embryonic tissue Alitoses 
averaged six to a culture, at any given time 
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Case 3 —Whipple, Case 12 (not yet published) Presbyterian Hospital No 546637 
M O , white, female, age 20 Episodes of fatigue, confusion and dizziness since childhood 
A year before admission, attacks of confusion often with complete amnesia usually oc- 
curring on awakening, lasting from six to eight hours No attacks occurred after meals, 
and relief was obtained by taking orange juice Minimum blood sugar 26 mg per cent 
Operation ~K^vi\ 30, 1938 Dr Allen O Whipple An adenoma was found on the 



Tig 7 — Case 2 Photomicrograph of the tissue Fic 8 — Case 2 Photomicrograph of the tissue 

culture showing epithelium not of the paremcnt culture showing multinucleated cells in the first 
type outgrow th 



anterior surface of the body of the pancreas near the lower border This was easily 
shelled out 

Subsequent Course — The patient made a good recoveiy, and was symptom-free, 13 
months after operation 

Pathologic Examination — Gi oss 
Path No 67137, Dr V K Frantz 
The tumor, apparently encapsulated, 
was biscuit-shaped, and measured i 2 
cm in greatest diameter A small strip 
of pancreatic tissue was attached The 
tumor was soft and reddish On sec- 
tion, under about one-third of the cap- 
sule there was yellowish tissue, sug- 
gesting pancreas The rest of the 
mass was composed of homogeneous, 
soft, pmkish-jellow tissue apparently 
more vascular in the center 

Mici oscopically, the capsule was 
incomplete and tumor tissue mingled 
with pancreatic tissue in a portion of 
the periphery The tumor was com- 
posed of cells resembling the cells in 
the islands of the adjacent pancreas They were slightly larger and the cell outlines 
were indistinct They were arranged in ribbon-like, winding cords interspersed with 
capillary spaces (Fig g) There were also many blood-filled spaces directlj lined 

by tumor cells No mitotic figures were seen Many of the large blood vessels contained 
clumps of tumor cells 

This tumor was not cultivated in vitio 

Case 4 — Whipple, Case 15 (not yet published) Presbyterian Hospital No 583832 
O A , white, male, age 46 Symptoms for four years, characterized by fainting spells and 
amnesia before attaeks The episodes started with blurred vision and dizziness, and the 
patient noted that exercise precipitated them but did not note any relation to food No 
unusual psychiatric behavior and no convulsions Minimum blood sugar 36 mg per cent 
The patient had been explored one year before admission in another hospital No tumor 
was found and no part of the pancreas resected During the year following operation, he 
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Fig 9 — Case 3 Photomicrograph of the general 
topography showing ribbon like arrangement of tumor 
and many vascular spaces 
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was considerabb benefited by a high carbohydrate diet, with seven meals a day, which 
resulted in a gam of i8 pounds 

Opctatwu—June 27, 1939 Dr Allen O Whipple After mobilizing the duodenum 
and the head of the pancreas, the adenoma was found m the posterior portion of the pan- 



Fig 10 — Case 4 Photonucrognph of the Fic 11 — Case 4 Photomicrograph of the 

general topographj showing good differentia tumor and adjacent pancreas showing lack of 

tion, occasional ducts, and many %ascular encapsulation 

spaces 

creas near the lower border, between the superior mesenteric vessels on the mesial aspect 
and the inferior pancreaticoduodenal vessels on the right 

Subsequent Course — Patient made a good recovery, and was symptom-free, five 
months after operation 



Fig 12 — Case 4 Photomicrograph showing tumor cells in three 
different sections of blood vessels 


Pathologic Examination — Gioss Path No 71155, Dr A P Stout The tumor was 
irregularly rounded, apparently encapsulated, and dark-pink, measuring i 5 cm in greatest 
diameter Adherent to the surface of the capsule there was a small amount of pancreatic 
tissue On section, the cut surface was soft, delicately homogeneous, and mottled by 
various shades of red and pink 

Microscopically (Figs lo, ii and 12), the tumor, in general, was separated from the 
pancreatic tissue by a delicate capsule but in a few areas tumor cells appeared to be m 
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contact with the acinar cells The tumor was composed of cells resembling those of the 
normal pancreatic islands Thej' formed anastomosing cords supported by bands of fibrous 
tissue in which there were many blood vessels, chiefly capillaries Occasionally ducts were 
seen m the tumor In some of the larger blood vessels masses of what appeared to be 
degenerated tumor cells were found within the lumen 

No attempt was made to cultivate this tumor m vitro 

These four cases have been a gi eat puzzle to us The postoperative mor- 
tality m the first case, in which no autopsy was obtained, left no possibility of 
further investigation of the nature of the tumor The second case had all the 
appeal ance of a caicmoma mici oscopicall}' This patient, m spite of oui ap- 
prehension, has lemamed well foi 17 months The last two cases, which ap- 
peared less malignant than the second, but which had blood vessel invasion, are 
symptom-free, 13 and five months, respective!}' 

There can be no dispute about tbe malignancy in five published cases of 
hypoglycemia in which carcinoma of islet cells with metastases was found 
It IS noteworthy that these were all fulminating cases of short duiation It is 
also of interest that metastases were found at autopsy in the liver, the lymph 
nodes, mesentery, peiitoneum and epicardium, but not elsewhere There can 
be little doubt of the functional nature of the metastases, as illustrated by the 

Table I 


HYPOGL\CEMIA ISLET CELL TUMORS IN WHICH METASTASES WERE EOUND — LIVE CASES 





Pancreatic 


Blood 



Author 



Tumor 


Vessel 

Insulin 


Date 

Operation 

Result 

Single or 
Multiple 

Capsule 

Invasion 

Extracted 

Autopsy 

1927 








I Wilder, 

Exploratory 

Died 

Multiple 

Not 

Not 

Liver 

Metastases in 

Allan 


postop 


described 

described 

nodule 

liver, lymph 

Pon er and 







node and 

Robertson®’ 







mesentery 

1934 








2 Judd Paust 

Exploratory 

Died 

Single 

Original 

Original 

Not done 

Not done 

and Di\on<‘ 

Tumor of pancreas 

postop 


tumor not 

tumor not 




and multiple metas 
tases in liver Bi- 
opsy of h\ er nodule 



examined 

examined 



1935 








3 BicUel, 

None 

Died 

Single 

Not 

Not 

Primary 

Metastases in 

Mozer and 


without 


described 

described 

grow th 

liver perito 

Junet’ 


opera- 




Liver 

neum and epi 



tion 




nodule 

cardium Inter 







ne_ative 

stitial pancrea 
titis 

1937 








4 Cragg, 

Exploratory 

Died 

Diffuse 

None 

Not 

Liver 

Metastases in 

Pouer and 

Biopsy of liver 

postop 

through 


described 

nodule 

liver and lymph 

Lindem'® 

nodule 


pancreas 




nodes Cyst of 








ovary 

1938 








S Joachim 

Resection of spleen 

Died 

Multiple 

Not 

Not 

Not done 

Not done 

and 

and portion of 

postop 


described 

described 




Banowitch*' tumor m tail of 
pancreas and a 
lymph node show 
mg metastasis 
Liver apparently 
negativ e 
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Table II 

H\ POGLYCEMIA ISLET CELL TUMORS REMOVED AT OPERATION 
CONSIDERED TO BE BENIGN — 46 CASES 




Single 

Capsule 

Blood 

Insulin 


Author 

Date 

or 

Multiple 

Micro- 

scopically 

'Vessel 

Invasion 

Extrac- 

tion 

Result 

I Mathias^' 

1928 

Multiple 

Islands in 
w all of cyst 

Not descnbed 

0 

Mild glycosuria postop 

2 Carr Parker Grove 

1931 

Single 

Complete 

Not descnbed 

0 

Symptom-free 7 yrs 

Fisher and Lam- 
more'* 

3 Tomkies ® 

1932 

Single 

Not descnbed 

Not descnbed 

0 

Symptbm-free 6 yrs 

4 Denck Nen ton 

1933 

Single 

Complete 

Not descnbed 

+ 

Symptom-free s yrs 

Schulz Bowie and 

Pokomy'^ 

S Graham and 

Womack • 

1933 

2 tumors 

Not complete 

Not described 

+ 

No attacks Permanent 
central nervous system 
damage s yrs 

6 Ross'* 

1934 

Single 

Not complete 

Not described 

0 

Symptom-free 2 yrs , 
4 mos 

7 Whipple and Frantz'' 

1935 

Single 

Complete 

None 

0 

Symptom-free 68 mos 

(Case i) 

8 'Whipple and Frantz'' 

1935 

Single 

Complete 

None 

0 

Symptom-free 53 mos 

(Case 2) 

9 T\Tupple and Frantz'' 
(Case 3) 

1933 

2 tumors 

Both 

incomplete 

None 

0 

Symptom-free 25 mos- 
Died of duodenal hem 
orrhage elsewhere 27 
mos 

10 Whipple and Frantz®' 
(Case 4) 

1935 

2 tumors 

Both complete 

None 

Unsuc- 

cessful 

Symptom-free 57 mos 

1 1 Whipple and Frantz®' 

1935 

Single 

Incomplete 

None 

0 

Symptom-free 59 mos 

(Case s) 

12 'W hippie and Frantz®' 

1935 

Single 

Incomplete 

None 

0 

Symptom-free 56 mos 

(Case 6 ) 

13 Wangensteen"® 

(Case i) 

1935 

Single 

Not descnbed 

Not described 

0 

Symptom-free 3 yrs 9 
mos 

14 Smith Hashinger 

1935 

Single 

Incomplete 

Not descnbed 

0 

Symptom free 30 mos 

and Enger’ 

IS Jirasek Postranecky 

1936 

Single 

Not descnbed 

Not descnbed 

0 

Symptom-free 2 yrs 

and Henner” 

(Case i) 

16 Gilmour^' 

1936 

Single 

Complete 

Not descnbed 

0 

Symptom-free i yr , 8 
mos Then fainting 
spell after influenza 
Blood sugar 40 mg 
Well since 

17 Harnapp’' 

1936 

Single 

Incomplete 

Not descnbed 

0 

Symptom-free 2 yrs 

18 Liu Loucks Chou 

1936 

Single 

Incomplete 

Not descnbed 

0 

Symptom-free s mos 

and Chen" 

19 Kepler and Walters*' 

1936 

Single 

Not described 

Not descnbed 

0 

Symptom-free 2 yrs 4 
mos 

20 McCaughan and 
Broun" 

(Case 4) 

1937 

Single 

Complete 

Not descnbed 

0 

Not relieved Re 
explored Resection 
impossible because of 
adhesions 

21 Herman and Guis" 

1937 

Single 

Complete 

Tumor com- 
pletely calcified 

0 

Symptom free 2 yrs 

22 Kusonoki and 

1937 

Single 

Complete 

Not descnbed 

0 

Symptom free 3 mos 

Munakata*® 

23 Reiter" (Case 2) 

1937 

Single 

Complete 

Not descnbed 

0 

Symptom free 14 mos 
Has Gaucher s disease 

24 Lukens and Ra\ dm'” 

1937 

Single 

Not descnbed 

Not descnbed 

0 

Symptom-free i yr 

2 5 Kalbfleisch*’ (Case 2) 

1937 

Single 

Complete 
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Relieved 
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Table II — Continued 


26 

Kalbfleisch''* 

(Case 3) 

Heupke and Obern® 

1937 

S tumors 

Complete 

Not described 

0 

Died 2 days postop 4 
of s tumors found at 
autopsy Adenoma of 
hypophysis and of para 
thyroid Hyperplasia 
of thymus 

27 

White and Gildea*® 

1937 

Single 

Complete 

Not described 

0 

Symptom free 9 mos 

28 

Wangensteen’S 
(Case 3) 

1937 

Single 

Not described 

Not desenbed 

0 

Symptom free 19 mos 

29 

Fraser Maclayand 
Mann"® 

1938 

Single 

Complete 

Not described 

0 

Symptom free 5 mos 

30 

Jirdsek and Postra 
necky'o (Case 2) 

1938 

Single 

Not described 

Not desenbed 

0 

Symptom free 4 mos 

31 

Nicholson and Hart®’ 

1938 

Single 

Not described 

Not desenbed 

0 

Symptom free 18 mos 

32 

Parade and Kindler®” 

1938 

Single 

Complete 

Not desenbed 

0 

Complete recovery 

33 

Hermannsen and 
Nestmann®® 

1938 

Single 

Complete 

Not desenbed 

0 

Immediate relief of 
hypoglycemia Died 
postop Fever 41° C 

34 

Whipple®” 

(Case 9) 

1938 

2 tumors 

1 Complete 

2 Incomplete 

None 

None 

0 

Symptom free 24 mos 

3 S 

Whipple*” 

(Case ii) 

1938 

Single 

Incomplete 

None 

0 

Symptom free 10 mos 
Question of pituitary 
tumor 

36 

Krauss" 

J 939 

Single 

Complete 

Not described 

0 

Good recovery 

37 

Bergonzi® 

1939 

Single 

Not described 

Not desenbed 

0 

Died postop Autopsy 
No metastases 

Changes in cerebral 
cortex 

38 

Murphy Dustin 
and Bowman®’ 

1939 

Single 

Incomplete 

Not desenbed 

0 

Relief of symptoms 

39 

West and Kahn” 

1939 

Single 

Not described 

Not desenbed 

0 

Symptom free 14 mos 

40 Akerberg^ 

1939 

Single 

Not described 

Not desenbed 

+ 

Died fourth day post- 


op Pancreatitis and 
pentonitis 2 colloid 
adenomata in thyroid 


41 Campbell Graham 
and Robinson ® 

(Case 2) 

1939 

Single 

Not desenbed 

Not desenbed 


Symptom free 20 mos 

42 Campbell Graham 
and Robinson” 

(Case 3) 

1939 

Single 

Not described 

Not desenbed 

+ 

Symptom free is mos 

43 Campbell Graham 
and Robinson” 

(Case 4) 

1939 

Single 

Complete 

Not described 

+ 

Died third day postop 
Temp 107° F 

44 Whipple (Case 13) 
(Not yet published) 


Single 

Incomplete 

None 

0 

Symptom free 14 mos 

45 Whipple (Case 14) 
(Not yet published) 


Single 

Incomplete 

None 

0 

Died 56 hrs postop 
Temp los 6° F Ap 
pearance that of thy- 
roid crisis 

46 Whipple (Case 16) 


Single 

Incomplete 

None 

0 

Symptom free 2 mos 


(Not yet published) 

filst and fourth cases (Wildei, Allan, Powei and Robertson®^ [19^7] > 
Cragg, Powei and Lindem’^® [i937]) 

A leview of published cases of tumois lemoved at operation, and considered 
benign (with our own series brought up to date), is given m Table II, with 
a brief abstiact of certain features of the pathologic reports It will be 
noticed that some cases listed by Whipple,®® in 1938, are omitted, as these 
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Table III 

H\ POGLI CEMIA ISLET CELL TUMORS FOUND AT AUTOPS\ 
CONSIDERED TO BE BENIGN — 24 CASES 




Single 

Capsule 

Blood 

Insulin 


Author 

Date 

or 

Multiple 

Micro- 

scopically 

Vessel 

Invasion 

Ex- 

tracted 

Autopsy 

I McClenahan and 
Noms*® 

1929 

Single 

Incomplete 

Not desenbed 

0 

No metastases 

2 Smith and Seibel ® 

1931 

Single 

Complete 

Not desenbed 

0 

No metastases Brain normal 

3 Terbruggen'< 

(Frank Case i) 

1931 

Multiple 

Complete 

Not described 

0 

No metastases Atrophy of 
brain Chronic leptomenin- 
gitis Persistent thymus 

Two chief cell adenomata of 
hypophysis Liver low in 

glycogen 

4 Buchner*! 

(Bielschowsky*®) 

1932 

Single 

Complete 

Not desenbed 

0 

No metastases Patient a dia- 
betic onginally Cirrhosis of 
pancreas 

5 Barnard* 

1932 

Single 

Incomplete 

Not desenbed 

0 

No metastases Enlargement 
antenor lobe pituitary Brain 
normal 

6 Caims and Tanner*® 

1933 

Single 

Complete 

Not desenbed 

0 

No metastases Brain normal 

7 Gibbs’" 

1933 

Single 

Not described 

Not desenbed 

0 

No metastases Hemorrhagic 
cyst of adrenal 

8 Wolf Hare and 
Riggs®* 

1933 

3 

tumors 

Complete 

Not desenbed 

0 

No metastases Loss of cells 
in cortical layers of cerebrum 

9 Reinhoffand 

Lew is“ 

1934 

Single 

Notdesenbed 

Not desenbed 

Not 

suc- 

cessful 

No metastases Enlarged 
thymus Adenomata of an- 
tenor lobe of hypophysis 
Liver lowr in glycogen 

10 Frank"' (Case 2) 

I93S 

2 tumors 

Not described 

Not desenbed 

0 

No metastases 

II Long Shephnand 
Fishback'* 

I93'5 

Single 

Not described 

Not desenbed 

0 

No metastases Carcinoma of 
sigmoid 

12 Seinoi® 

1937 

Single 

Gomplete 

Not desenbed 

0 

No metastases Atrophy of 
liver 

13 Reiter*® 

1937 

Single 

Complete 

Not desenbed 

0 

No metastases 

14 Kalbfleisch** (Case i) 

1 1937 

Single 

(Complete 

Not desenbed 

0 

No metastases 

IS Ziskind Bayley 
and Mauer** 

1937 

Single 

Incomplete 

None 

0 

No metastases Thyroid 
normal 

16 Jones and Matte'® 

1938 

Single 

Not desenbed 

Not desenbed 

0 

No metastases Necroses in 
brain 

17 Malamudand 
Grosh** 

1938 

Single 

Complete 

Not desenbed 

0 

No metastases Diffuse de- 
generation of brain 

18 Scheller and Stroebe*’ 1938 

Single 

Incomplete 

Not desenbed 

0 

No metastases 

ig Levisonand 
Ramsey'® 

1938 

Single 

Complete 

None 

0 

No metastases Fatty de- 
generation of liver 

20 Fnedman * 

(Case i) 

1939 

Single 

Complete 

Not desenbed 

0 

No metastases Adenoma- 
tous hyperplasia of antenor 
lobe of pituitary Bilateral 
cortical adenomata of adrenal 
Adenomata of kidney ileum 

21 Fnedman"* 

(Case 2) 

1939 

Single 

Incomplete 

Not desenbed 

0 

No metastases Adenomat- 
ous hyperplasia of antenor 
lobe of pituitary and baso- 
philic infiltration of posterior 
lobe 

22 Isaji®* 

(Case i) 

1939 

Single 

Complete 

Not desenbed 

+ 

No metastases Hypophysis 
and adrenals slightly en- 
larged Cyst of parathyroid 

23 Isaji** 

(Case 2) 

1939 

Single Not described 
uath 
cyst- 
adenoma 

Not desenbed 

0 

No metastases Tuberculosis 
postenor lobe hypophysis 

24 West and Kahn®* 
(Case 2) 

1939 

Single 

Not desenbed 

Not desenbed 

0 

No metastases 
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weie personal communications to the authoi and no micioscopic findings were 
available 

It IS interesting that m this series there is only one case with recurrence 
of symptoms (No 20), and one with a transitory episode following influenza 
(No 16) The case with peisistent symptoms has been reexplored but further 
partial pancreatectomy was impossible because of adhesions In cases with 
persistence or recurrence of symptoms, the presence of a second tumor must 
always be suspected, because of the numerous instances of multiple tumors, 
some removed simultaneously and others at successive operations 

A review of published cases of tumors found at autopsy and considered 
benign is given in Table III 

Table IV 


H\ POGLYCEMIA ISLET CELL TUMORS REMOVLD AT OPERATION 
SUSPECTED or BEING MALIGNANT — 19 CASES 





Single 

Capsule 

Blood 

Insulin 



Author 

Date 

or 

Multiple 

Micro- 

scopically 

Vessel 

Invasion 

Ex- 

tracted 

Result 

I 

Howland Campbell 
Maltby and Robin 
son ’7 

1929 

Single 

Incomplete 

Notdescnbed 

+ 

Symptom free 10 yrs 

2 

Womack Gnagi and 
Graham E A 

1931 

Single 

Incomplete 

Not descnbed 

— 

Symptom free 7 j rs 

3 

Bast Schmidt and 
Sevnnghaus® 

1932 

Single 

Incomplete 

Tumor m 
vessels 

— 

Symptom free 8 -n ks 

4 

Judd Allan Frank 
and Rynearson*’ 

(Case 6) 

1933 

Single 

Not described 

Not descnbed 


Symptom free 22 mos 

5 

Judd Allan Frank 
and Rynearson« 

(Case 7) 

1933 

2 tumors 

Not described 

Not described 


Symptom free 23 mos 

6 

Graham E A and 
Womack ’ 

1933 

Single 

Complete 

Tumor in 
vessels 

— 

Symptom free 5 yrs 

7 

Wangensteen’® 

(Case 2) 

1935 

Single 

Not described 

Not descnbed 

— 

Symptom free 39 mos 
Mental detenoration 

8 

Aitken* (0 Leary and 
Womack)®’ 

1936 

Single 

Incomplete 

Not descnbed 


Symptom free 2 yrs 

9 

Rynearson*® (Case i) 

1936 

Single 

Not descnbed 

Not described 


Died postoperative 
pneumonia No 
autopsy 

10 

Rynearson®® (Case 2) 

1936 

Single 

Notdescnbed 

Not descnbed 


Died postoperative 
pneumonia No 
autopsy 

II 

Munakata®® 

1936 

Single 

Incomplete 

None 

- 

Symptom free 4 mos 

12 

Ziskind and Bayley®® 

1937 

2 tumors 

Incomplete 

Not described 


Died 32 hrs postop 
Respiration failure 
Temp 107° F 4 u 
topsy No metastases 

13 

Whipple®® (Case 8) 

1938 

Single 

Incomplete 

Tumor in 
vessels 


Died of pneumonia s 
days postop No 
autopsy 

14 

Whipple®® (Case 10) 

1938 

Single 

Incomplete 

Tumor in 
vessels 

— 

Symptom free 17 rao® 

IS 

Forbes Davidson and 
Duncan” 

1939 

Single 

Incomplete 

Not descnbed 


Relieved of symptoms 

16 

Smith” 

1939 

Multiple 

Incomplete 

Not descnbed 

- 

Symptom free s mos 

17 

Beck and Segrest® 

1939 

Single 

Not descnbed 

Tumor in 
vessels 

— 

Symptom free s yrs 

9 mos 

18 

Whipple (Case 12) 
(Not jet published) 


Single 

Incomplete 

Tumor in 
vessels 

— 

Symptom free 13 r” 0 ® 

19 

Whipple (Case is) 
(Not yet published) 


Single 

Incomplete 

Tumor in 
vessels 

— 

Symptom free 5 mos 
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TUMORS OF ISLET CELLS 


A leview of published cases of Umiois removed at opeiation, and consid- 
eied possibly malignant (with oui own senes bi ought up to date), is given 
m Table IV In none of these, who survived operation, has theie been any 
recui reiice to date , and the long follow-up on some of these is noteworthy 
A review of the published cases of tumors found at autopsy, and consid- 
eied possibly malignant, is given in Table V It is notewoithy that in neithei 


Table V 


HI POGLYCEMIA ISLET CELL TUMORS FOUND AT AUTOPSY 
SUSPECTED or BEING MALIGNANT — THREE CASES 


Author 

1 Thalhimer and 
Murphj 

2 Moersch and 
Kemohan*' 


Date 

Single 

or 

Capsule 

Micro- 

Blood 

Vessel 

Insulin 

Extracted 

Autopsy 

1928 

Multiple 

Single 

scopically 

Incomplete 

Invasion 

Not desenbed 

0 

No metastases 

1938 

Single 

Incomplete 

Not desenbed 

0 

No metastases 


Degenerative changes 
in brain 


Table VI 


SUMMARY OF THE STATISTICS IN TABLES I, 11, 111, IV AND V 
Islet Cell Tumors ,itlh HiPoglvcemta 


Tumors remov ed at operation and considered benign 
Tvntiors lovmii at autopsy and considered benign 
Total benign tumors 

Tumors remo\ ed at operation and suspected malignant 
Tumors found at autopsy and suspected malignant 
Total suspicious tumors 

Carcinoma nith metastases, proted malignancy 


No of Cases* 

46 

24 

70 

19 

2 

21 

s s 


Total islet cell tumors 

* These statistics represent individual cases and do not include the number of multiple 
some instances 


96 96 

tumors found m 


Benign Cases * 

Capsule Complete 
Incomplete 
Not desenbed 


Pathology 

28 Blood vessel invasion Stated absent IS 

20 Not described SS 

22 — 


* In these benign tumors there are reports of successful specific staining of the granules in the tumor cells 
11 times Insulin extractions of the tumors were done successfully eight times These procedures were under- 
taken only on the operative matenal except for one insulin extraction 


Questionable Cases * 

Capsule Complete i Blood vessel invasion Present 7 

Incomplete IS Stated absent i 

Not desenbed S Not described 13 

21 21 

* In these questionable cases there are reports of successful specific staining of the granules m the tumor 
cells four times and successful insulin extraction once All these were in operative matenal 

Proved Cases * 

Capsule Probably not complete in any case — 3 cases 
Blood vessel invasion Not desenbed — 5 cases 

* Sites of metastases Liver lymph nodes mesentery pentoneum and epicardium 
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of these weie metastases found Also of interest in this table and Table III 
are the occurrence of changes in othei endocrine glands, and the changes in 
the cential neivous system, which confirm the clinical impression of the pos- 
sibility of persistent mental detei i oration in prolonged untreated cases 

It seems impiobable that all of the tumois with histologic suggestion of car- 
cinoma weie leally such, as the propoition of these to the benign tumors is so 
high, 21 to 70, and the follow-up m some cases is so long It would be gratify- 
ing to feel that surgery had eliminated malignant disease in all these cases 
But, of these suspected tumors, are there some m which blood vessel invasion, 
demonstrated, means that metastases, not demonstrable, were present at the 
time of lemoval of the primary growth, and will these eventually develop 
symptoms of hypermsuhmsm 

If one wishes to consider the so-called “adenoma mahgnum” type of car- 
cinoma of the thyroid as possibly analogous to these well-diffeientiated islet 
cell tumors with blood vessel invasion, then it might be that, like the th3froid 
tumors of this type, distant metastases might be late and slow But the 
metastasizing tumors of the thyioid do not give evidence of their presence by 
hyperthyroidism, and it is conceivable that even m small metastatic foci of islet 
cell tumois hypoglycemia might occui early Thus far no reported case has 
illustrated this, but it seems a good possibility How long one should wait to 
feel secuie about such functional metastases, and whether one can predicate 
that symptoms should appear eaily, is pure speculation It will be of the 
utmost impoitance to follow all of these patients with these rare tumors for 
many yeais, and m the event of recurrence, or metastases after apparently 
successful lemoval, to publish such findings so that clinician and pathologist 
will have some basis foi prognosis 
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ACUTE PANCREATITIS AND DIABETES 
Harris B Shumacker, Jr, MD 

Baltimore, Md 

FROM TirE DrP\RTMF\T OF SURGEni, 1 \LE UNHERSITl SCHOOL Oi MEDICINE, VND THE SHRGICIL CLINIC, NEM 

IIAIFN HOSPITAI, EE\\ HA\ EN, CONN 

During the past year I have had the oppoitunity to thoroughly study a 
patient, known to have been free of diabetes previously, who developed severe 
persistent diabetes mellitus duiing convalescence fiom acute hemoirhagic 
pancreatitis A cursory survey of the liteiatike levealed a wnde diveisity 
of opinion concerning the lole of acute pancreatitis in the pioduction of 
diabetes On the one hand, the incidence of diabetes as a sequela was not 
only obviously rare, but most authors wilting on acute pancieatitis had neg- 
lected to note It as a possibility oi had merely mentioned it m passing On 
the other hand, certain investigators interested m metabolic diseases have 
expressed the view that even mild, unrecognized attacks of pancieatitis may 
be an important factoi in causing diabetes oi in bringing about exacerbations 
of preexisting diabetes This divergence of thought has made it advisable 
to restudy the problem I shall first repoit in some detail my own case, 
secondly, summarize the pertinent data from a series of cases of severe 
pancreatitis from the New^ Haven Hospital , and finally, review the literature 

Case Report — T M , male, age 27, w'as admitted to the New Haven Hospital, 
February 17, 1938, complaining of severe epigastric pain There had been no diabetes in 
the family The past history was irrelevant except for occasional bouts of drinking 
There was nothing suggesting diabetes, no polyphagia, polydipsia, polyuria, or weight 
loss He had been previously admitted, late in 1934, with a gonococcal urethritis, pros- 
tatitis, and arthritis Five weeks before admission he had been confined to another hos- 
pital in the city with a brief attack of right lower quadrant pain His urine had ne^er 
shown sugar In general he had been quite well For a week he had had anorexia 
and occasional mild epigastric postprandial discomfort Three days before admission 
he had a stool which he described as “black” 

The present illness began at 8 a m on the morning of February 17, when he was 
suddenly seized with excruciating epigastric pain which “bore through” to his back and 
which persisted He began to vomit almost immediately and continued to vomit fre- 
quently There was no gross blood in the vomitus At noon and again at 10 30 pm 
his physician gave him a hypodermic of morphine Finally, at midnight he was sent 
to the hospital 

Physical Examination — Temperature 1006° F, pulse 86, respirations 24, blood pres- 
sure 120/76 He appeared to be in agonizing pain and was obviously very ill, sweating 
profusely, vomiting frequently The abdomen moved little with respiration, was board-like 
in the epigastrium, less spastic in the lower quadrants, and extremely tender all over, 
but especially in the midepigastrium There was generalized rebound tenderness 
There was no distention, no shifting dulness There was no obliteration of liver 
dulness The examination was otherwise not remarkable The blood examination showed 
Erythrocytes 5,400,000, hemoglobin 100 per cent, leukoc3'tes 16,000, 96 per cent neu- 
trophils and 32 per cent nonsegm ented forms The urine examination Specific gravity 
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I 034, acid, albumin 2 plus, sugar negative, acetone 2 plus, rare white cells It was 
the impression that the patient had a perforated peptic ulcer 

On the way to the operating room roentgenograms were taken which were negative 
for pneumoperitoneum A Wangensteen stomach suction was instituted While wait- 
ing, at the patient’s request, for a priest to arrive, the pulse began to rise and blood 
pressure to fall, and m spite of an infusion of glucose and saline his pulse had risen 
to 160 and his svstohc pressure had dropped to 60 by the time the operation was begun 
Opciatwn — Under ether and venethene anesthesia supplemented with local infiltration, 
the peritoneal cavity was entered through a small upper right rectus incision and a 
large amount of “tomato soup” fluid was immediately encountered There were extensive 
and marked fat necroses There was a mass in the region of the pancreas, some omental 
adhesions over the duodenum, and no evidence of ulcer Through the foramen of 
Winslow was emitted much dark blood-stained fluid The lesser sac was entered through 
the gastrocolic ligament The pancreas was about twice the normal size, the head 
being somewhat more enlarged than the body and tail The entire organ was soft, 
necrotic, and discolored with ecchj'^moses Two Penrose drains were inserted, one 
toward the head of the pancreas, the other toward the tail The gallbladder and the 
common duct appeared and felt normal A cholecystostomy was performed and the 
wound closed By the end of the procedure the patient had received 1,900 cc of 
glucose and saline solution and the blood pressure had risen to 100/50 A transfusion 
of 500 cc of citrated blood was given The blood pressure was now 125/68 and the 
pulse no 

The patient did well His temperature rose on the first day to 1028° F, but fell 
promptly, and ranged between 99° and 100 5° F for the next five days, after which it was 
normal For a few days he was somewhat delirious The wound drained profusely 
for 24 hours, but little thereafter The dram was removed on the eighth day A 
lipiodol visualization of the biliarj tract on March i, 1938, showed normal gallbladder 
and cystic and common ducts The following day the catheter was removed, and two 
days later the wound was closed and an intravenous cholecjstogram was made This 
showed nonvisualization, which was interpreted as a postoperative effect A liver func- 
tion test (tetra-iodo-phenolphthalein) revealed 5 per cent retention in 30 minutes 

The admission urine had been negative for sugar After operation and infusion 
there was complete reduction of Benedict’s solution and only a trace of acetone Glycosuria 
persisted When he was put on a measured diet (P 70, F 150, C 150) on February 
25 most of the fractional specimens were showing complete reduction He improved 
somewhat, and when he was finally discharged, March 6, 1938, he was only occasionally 
excreting sugar on a diet of P 80, F 175, C 200 The blood sugar had been m mg 
per cent on February 22 It was 104 on February 26, and a glucose tolerance test 
revealed a fall to only 157 in two hours This was repeated on March i The fasting 
value was 124, it rose to 214 in one hour, and was 191 m two hours 

On return to the clinic, March 9, 1938, he was weak and thirsty and had polyuria 
and mild abdominal discomfort The urine showed complete reduction of Benedict’s 
solution, but no acetone 

He was readmitted, May 30, 1938, complaining of excessive hunger, thirst, and 
polvuria He had not adhered to his diet He said that he had been drinking six to 
eight quarts of milk, three to four quarts of water, and ten bottles of beer a day He 
had been to the clinic only once, to his family doctor once, and had tested his urine 
himself onlj three times On all occasions, it showed complete reduction He had 
had marked polyuria, cramps in his calves the past few nights, and some constipation 
He had had mild epigastric pain about twice a week for which, 111 spite of advice 
to the contrarj, he had taken beer He had lost about 20 pounds He was definitely 
acidotic Fractional specimens of urine showed complete reduction of sugar and from 
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2 to 4 plus acetone He was immediatelj’- started on insulin therapy and after 48 
hours the acetone disappeared from the urine for the most part Insulin was rapidly 
increased from 30 units a day to a maximum of no units on June 8, when for the 
first time he became relatively free of glycosuria He was now on a diet of P 100, 
F 250, C 300, and was constantly complaining of hunger He was discharged, June 14, 
on this diet, with 55 units before breakfast and 30 units before supper, on which 
regimen he was moderately well regulated On May 31 the blood sugar was 158 and 
cholesterol 450 On June 8 the blood sugar was 219 A bromsulphalein liver function 
test showed no retention in 40 minutes, intravenous cholecystograms showed poor 
filling but prompt emptying after a fatty meal, probabl}' due to his recent cholecystostomy 
He had gained ten pounds and now weighed 152 

He was readmitted, August 27, 1938, with an attack of abdominal pain similar to 
but less severe than his original one, and it was felt that he might be suffering from a 
mild recurrence of pancreatitis This attack cleared up under conservative therapy 
He had not followed his diet or taken his insulin for a month and had indulged m bouts 
of drinking His diabetes was finally regulated on a diet of P 90, F 200, C 200 with 
30 units before breakfast and 15 units before supper Liver function test again showed 
no retention of dj^e Blood sugar was 182 mg per cent on September 6 On discharge, 
September 13, he weighed 156 pounds 

On November 17, 1938, he was again sent into the hospital for regulation He 
had taken his insulin (except occasionally when drunk), his urine had recently showed 
a “brick-red” test, he was constantly hungry and thirsty, and he was drinking about 
nine quarts of milk a day and soda pop “incessantly” He had polyuria, weakness, and 
fatigability For two weeks he had had a “cold in the chest” and was producing about 
a cup of foul sputum a day He had a diffuse rash Kahn and Wassermann reactions 
were positive The urine showed complete reduction of Benedict’s solution and much 
acetone A diagnosis of secondary syphilis and pyogenic right upper lobe abscess was 
established The former was treated with bismuth and mepharsen, the latter by postural 
and bronchoscopic drainage The abscess resolved He was discharged, December 30, 
1938, on a diet of P 90, F 250, C 175 with 30 units of insulin before breakfast and 15 
units before supper 

Three days later he was seen again with a respiratory infection At this time he 
had marked glycosuria, and his insulin was increased to 30-0-30 The following day there 
was again glj'cosuna and acetonuria, and hospitalization was advised He went to 
another hospital where he remained for three weeks Since then he has continued with 
antileutic therapy His diabetes remains exceedingly difficult to regulate 

NEW HAVEN HOSPITAL SERIES 

The case just presented is the only instance in the New Haven Hospital 
in which diabetes has developed as a complication or sequela of acute pan- 
creatitis During the past 17 years there have been 18 cases of severe acute 
hemorrhagic pancreatitis The pertinent data are recoided in Table I Mild 
cases of pancreatitis and suspected cases not proved by operation or autopsy 
are excluded The patients varied in age from 24 to 68 years , six were males, 
12 females All except one weie subjected to operation Six of 17 patients 
treated by operation died, a mortality of 35 per cent Case 7 was known to 
have diabetes Excluding this case, fo ur, or 27 per cent, showed glycosuria 

* Since submission of this paper for publication the diabetes of the patient, T M , has 
remained severe He was admitted in a diabetic coma in September, 1939 He now 
requires about 75 units of insulin daily Following the lung abscess he developed bronchi- 
ectasis ill the right upper lobe, and in November, 1939, he was found to have contralateral 
apical tuberculosis with cavitation He is now under treatment for this in a Sanitarium 
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at some time dm mg the acute illness, though only one (6 pei cent) had 
glycosuiia on admission Two of the four patients with glycosuria died 
Thiee patients upon whom blood sugar determinations were made showed 
some elevation Only one patient developed diabetes Caieful follow-up 
studies aie not available, although seveial patients seen at varying intervals 
aftei opeiation weie m appaient good health A few of the cases are of 
some particulai mteiest 


Table I 

CASES or SLVLRL ACUTE HEMORRHAGIC PANCREATniS IN THE NEW HAVEN HOSPITAL 

Diagnosis Glycosuria 







EstTblishcd By 






No 

Year 

Name 

Age 

Sex 
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Outcome 
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Opera- 

Au- 
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Sugar 








tion 

topsy 

Sion 

quently 




I 

1921 

M W 

48 

F 

Yes 

No 

iNo 

No 


Died 

Unne negative 5 












mos later 

2 

1923 

A H 

S 9 

r 

Yes 

No 

No 

No 


Recovered 


3 

1923 

N H 

47 

r 

Yes 

No 

No 

No 


Recovered 


4 

1923 

E H 

52 

F 

Yes 

No 

No 

No 


Recovered 


5 

1924 

J B 

S 6 

M 

Yes 

No 

No 

No 


Recovered 


6 

1925 

J M 

62 

M 

Yes 

No 

No 

No 


Recovered 


7 

1926 

H K 

68 

F 

No 

Yes 

Yes 

Yes 

469 

Died 

Known diabetic 












forsyrs (see text) 

8 

1928 

I E 

29 

F 

Yes 

No 

No 

No 


Recovered 


9 

1930 

E G 

32 

M 

Yes 

No 

No 

No 


Recovered 

Questionable re 












currence 3H Vis 












later Unne nega 












tive 

10 

1931 

P H 

36 

F 

Yes 

No 

No 

No 


Reco\ ered 


1 1 

1932 

0 S 

63 

M 

Yes 

No 

No 

No 


Died 


12 

1932 

M B 

31 

F 

Yes 

No 

No 

No 


Recovered 


13 

1934 

C C 

48 

F 

Yes 

No 

No 

Yes 

ISS 

Died 

See text 

14 

1936 

E R 

4 S 

F 

Yes 

No 

Yes 



Died 


IS 

1936 

H S 

4 S 

F 

Yes 

Yes 

No 

No 


Died 


16 

1936 

G H 

30 

M 

Yes 

Yes 

No 

No 


Died 


17 

1938 

T M 

27 

M 

Yes 

No 

No 

Yes 

124 

Recovered 

Diabetes devel- 












oped (see text) 

18 

1938 

M D 

24 

F 

Yes 

No 

No 

Yes 

150 

Reco\ ered 

Unne negative 8 


mos later (see 
text) 


ILLUSTRATIVE CASE REPORTS 

Case 7 — This 68-year-old female was admitted m coma A diagnosis of mild 
diabetes had been established five yeais previously No glycosuria had been observed 
when she was seen at intervals after that time Five days before admission she caught 
cold and glycosuria appeared It increased as the upper respiratory infection became 
worse, but three days before admission she was practically well Frequency and 
polydipsia began and she became stuporous 24 hours before admission She was 
brought to the hospital in coma There was upper abdominal tenderness and the 
diagnosis of acute pancreatitis was considered In spite of intensive therapy, the coma 
persisted and she died within a few hours At autopsy acute hemorrhagic pancreatitis 
and cholelithiasis with calculi in the common duct and in the duct of Wirsung were 
found 

This case is instiuctive from two points of view First, as an example 
of how disastrous acute panel eatitis ma}'^ be in a patient with relatively mild 
diabetes , and secondly, how hazardous it is to attribute diabetic coma m 


* Normal values in the New Haven Hospital range from 55 to 75 mg per cent 
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acute pancreatitis to the lattei piocess alone unless the patient is known not 
to have been a diabetic pieviously 

Case 13 — Tins 48-year-old woman was admitted with acute pancreatitis of nine hours’ 
duration She had had a previous admission for acute cholelithiasis, at which time the 
urine was sugar free The urine on this admission contained albumin and acetone, but 
no sugar A postoperative sample of blood showed a sugar of 155 and N P N of 42 The 
next morning, several hours after an infusion of glucose and saline, the blood sugar 
was 251, the N P N 47 The patient had received some morphine She failed to respond 
The first impression was that she was in a diabetic coma There was an acetone 
breath The blood pressure was 92/50 She w'as given blood, glucose and saline in- 
travenously, and insulin An hour and a half later she responded The urine during 
this period show'ed complete reduction and i plus acetone Four hours after the last 
dose of insulin the blood sugar w'as 76 The next day it w'as 62 and she w'as given 
no insulin She had signs of pneumonia She w'as given a little insulin off and on, 
but had no further glvcosuria She developed a pneumococcus septicemia and died 
after seven days m spite of repeated transfusions and other supportive measures 

This patient iiiidoubtedly had some distiiibance of caibohydiate metab- 
olism, though It IS, at least, to be questioned tvhethei hei peiiod of coma was 
really due to Ityperglycemia and acidosis 

Case 18 — This patient w’as a 24-year-old w'oman w'ho had had several attacks 
suggesting acute cholecystitis She w'as admitted in an attack differing from the others 
in that there w'as a great deal of left upper quadrant as w'ell as light upper quadrant 
pain There were signs of diffuse peritoneal irritation At celiotomy, acute hemorrhagic 
pancreatitis and chronic cholecystitis wuth cholelithiasis were found The lesser sac 
was drained and a cholecj stostomy performed During convalescence she sloughed 
considerable quantities of pancreatic tissue There w'as no glycosuria on admission, but 
complete reduction following operation and again the next day after an infusion of glu- 
cose The follow'ing day the sugar W'as i plus, and on several occasions during the week 
there was a trace of sugar in the urine There w'ere never acetone bodies The blood 
sugar W'as slightly elevated on several occasions, 107 to 150 mg per cent A glucose 
tolerance test on the tw'entj -fourth postoperative day revealed values of 150, 282, 216, 112 
and 104 (fasting, one-fourth, one-half, one and one-half and tw'o hours) and on the 
fortieth postoperative day values of 98, 199, 125, 99 and 93 mg per cent (fasting, one- 
fourth, one-half, one and tw'o hours) Her family doctor w'rites that her health has 
remained good and that her urine w’as normal w'hen last examined, nine months after 
operation This patient had a mild transient interference with carbohydrate metabolism 

Although my concern has been primarily wath the association of true 
diabetes melhtus and acute pancieatitis and not with those tiansient mani- 
festations of distuibed caibohydiate metabolism tvhich aie occasionally ob- 
seived during the course of acute pancieatitis, it will be advisable to considei 
the latter biiefly since they may shed some light upon the former 

Glycosw la — In Reginald Fitz’s original communications^' ^ on acute pan- 
creatitis the occurrence of glycosuiia is not mentioned In 1895, Atkinson'* 
repoited a fatal case of gangienous pancieatitis noth slight glycosuria Thiity 
years earhei, Harley^ had repoited a case of long-standing obstruction of the 
pancreatic and common bile ducts with panel eatic abscess in which theie was 
teiminal glycosuria Six of the 44 instances of acute pancreatitis desciibed 
by Korte'^ W'ere associated wnth glycosuiia Most authors since then have 
noted this in appi oximately the same percentage of cases — ^Egdahl® 111 5 pei 
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cent, Guleke" in lo per cent, Sebening® in lo per cent, Beinhard'’ in 12 per 
cent, and Mahnei'**’ in 10 pei cent All are agieed that glycosuria is found 
in such a small propoition of patients, and is not always found, even then, 
on the first examination, as to make it of little help m the diflfeiential diagnosis 
In 1927, Schmieden and Sehenmg”' presented a study of 1,278 opera- 
tively tieated cases of acute pancreatitis collected from the literature and 
fiom personal communications in the postwar period To these I have added, 
in Table II, an additional 1,600 cases, gathered from the literatuie, since the 
time of then leport'^' Data aie available on about 700 of these in which 
glycosuria occuired about 78 times, or approximately ii per cent 

Hype] glyceima — In 1924, Calzavara®'^ reported that, in experimentally 
induced acute pancieatitis in dogs, hypeiglycemia was an early and constant 
finding, reaching a maximum in six houis (often ten times the noimal value) 
and peisisting to death If the panel eas was diamed the blood sugar grad- 
ually fell There was no glycosuiia He ventured to suggest that this ob- 
seivation might he found chnicall}^ and he of considerable diagnostic impor- 
tance Douglas, among others, states that blood sugar deteiminations have 
not proved to be of any gieat value in the early diagnosis of acute pancre- 
atitis, and Fiessinger®® says that hyperglycemia is as inconstant as is glyco- 
suiia Othets,-"’’ so to oo howevei, claim that hyperglycemia occuis very 
frequently and is of considerable diagnostic aid Although he had only a 
few determinations, Biocq®' suggested, in 1926, that if hyperglycemia should 
be found with any legulaiity it might piove of great impoitance for diag- 
nosis and prognosis Later, he and Varangot®^ collected from the literature 
72 cases in which blood sugar determinations weie available, and of these 
15 had values of less than 150, 23 fiom 150 to 200, and 34 over 200 mg 
per cent Gabnelle®- states that hyperglycemia is a constant finding, and 
Bernhard®® points out that the blood sugar may he noimal in mild cases 
though it IS elevated in most severe cases of acute pancreatic neciosis 
Wildegans®® agrees with the latter oj^mion, but states that there is hyper- 
glycemia in all severe cases and that this determination is of prime diagnostic 
value Because othei acute abdominal diseases may occasionally be associated 
with a mild hyperglycemia, it has been suggested®^ ®‘‘ that only values of 200 
mg per cent 01 more be consideied of diagnostic importance Perhaps, be- 
cause of the vaiying normal values with different technics, it should be con- 
sidered of significance if the blood sugar is elevated to about twice the normal 
level 

In Table II data are available in 55 cases Of these, 28 patients, or 50 
per cent, had blood sugars of 200 01 more, nine (18 pei cent) between 150 
and 200, and six additional cases showed slight elevation (125 to 150 nig 
per cent) In addition, Keischnei®® states that there were four patients with 
hypeiglycemia in a series of 41 cases without stating the number upon whom 
determinations were made The question arises whether the relatively high 

* An attempt has been made to limit the selection of cases to those of relatively severe 
acute pancreatitis, proved by operation or autopsy, and this has been done except in a 
few instances where reports have included a small number of cases not so proven 
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Table II 


CHANGES IN CARBOH\DRATE METABOLISM IN AND FOLLOWING ACUTE PANCREATITIS 







0 *0 
>*02 

>. 


Author 

W 

0 

(/] 

e3 

0 

0 

0 

0 Surviving 

rt 

Jd C 

s*. « 
s 0 
^ 0 

0^ 

0 With 
yperglycemia 

0 Followed b 
isturbed Glue 
olerance But 
rue Diabetes 

XI 

•d 

u 

S Ul 
m u 

0 ^ 

o 5 

Remarks 



2 : 



2;Q{-h 

ZQ 


Schmieden and Sebenmg" i , 

,278 

624 




18 


(1927) 

Brutt“ (1927) 

33 

20 



>(• 

It 

* Most cases studied soon after acute 








illness t See Table V 

VonReduitz“ (1927) 

I 

I 


0 


I*- 

* See Table V 

Kummer ‘5 (1927) 

8 

3 

2 





Warfield^ (1927) 

2 

0 

2 

t 


2* 

See Table V 

Watkins*' (1928) 

18 

8 

2 

I* 



* Another had blood sugar of 150 








mg % 

Delmore*” {1928) 

13 

II 






Kreiner '9 {1928) 

2 

I 

I 

!=*- 


0 

* Another had blood sugar 21% 








above normal 

Grant”'’ (1928) 

12 

5 

2 





Ney"* (1929) 

28 

28 

3 

I 

3 

5 * 

13 of the 28 were evamined m fol- 








low-up studies '"See Tables IV 
and V 

Walzel” (1929) 

40 

20 


I 


2* 

** Cleared upafterdramageof pseudo- 








cysts 

Kerschner”’’ (1929) 

41 

12 

Few 

4 


2* 

See Table III 

Tammann"' (1929) 

38 

18 



6* 

0 

* 12 cases studied 

Joms“ (1929) 

18 

18 

Few 

6 

5* 

It 

* 7 cases studied t See Table V 

Linder and Morse"® (1929) 

88 

6S 






Olds* (1929) 

7 

S 

0 

1 




Simon*® (1929) 

6 

I 






Kramer"® (1920) 

7 

4 

0 





Cullen and Fnedenuald®® 
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I 

2+ 



* 

* One case of preeMsting diabetes 

(1929) 

Oehler®’ (1929) 

26 

II 

0 





Warren®" {1930) 

6 

0 




6* 

* See Table III 

Eliason and North®® {1930) 

14 

7 

I 





Ba>er®> (1930) 

I 

0 

I 

I 


I* 

Died in coma * See Table III 

Weeden®® (1930) 

12 

4 






Stocker®® (1930) 

36 

is 






Matthaes®" {1931) 

21 

21 



2 

I* 

* See Table III 

Bernhard®® (1931) 

75 

50 

9 


5 =® 

5 t 

25 cases studied t See Tables III 
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Hopkins” (1931) 
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0 
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Dunn*® (1931) 

I 

0 

I 



0 


Mackechme and Olsen*® 

I 

I 

0 

0 

Y 

0 

* Blood sugar 134 about a month 

(1931) 

Grant*" (1931) 

4 

I 


2 



after operation 

Unger and Sostmann*® 

100 

54 



5 =^ 

It 

16 cases studied t Another case 

(1931) 







of preexisting diabetes See Table 
V 

Kappis** (1931) 

75 

38 





Martens*^ (1931) 

122 

68 

12 



1 + 

* See Table V 

Rich*® {1932) 

6 

4 

I 

0 




Pelsenreich*’ (1932) 

32 

II 

4 



I*" 

* Another known diabetic died in 








coma See Table IV 

McWhorter*® (1932) 

64 

29 

8=^' 



It 

* S of these died t See Table V 

deTafcats and MacKenzie*® 

30 

19 

4 

* 

2t 

2t 

* 2 showed mild hyperglycemia one 

(1932) 







an altered glucose tolerance curve 
on fifth p 0 day f 4 studied 
t See Table V 

Jones=® (1932) 

- 

I 


>r 


0 

* Blood sugar w as 140 mg % 
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Tadle II {Continued) 
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Lyall*' (1932) 

3 

0 






Quicks” (1932) \ 

Doi\nie“ (1932)/ 

49 

22 

3 


2 

I 

1 1 cases studied See Table V 

Lemieuxst (1932) 

1 

I 




I* 

* See Table V 

Truesdaless (1932) 

S4 

43 




* 

* One patient died in coma presum 








ably a preexisting diabetic 

Haynes*® (1933) 

6 

S 






Hartheb*’ (i933) 

27 

13 






Jacoboviciss (i933) 

14 

8 

2+ 

I 


jf” 

* A patient with preexisting diabetes 

Thomas** (i933) 

3 

2 

0 





Finney** (1933) 

32 

20 





This includes the cases reported b> 








Rienhoff and Lewis*' 

Koster and Kasman* (1934) 

22 

17 

2 





Honne** (1934) 

13 

7 

1 

0 




Harve** (i93S) 

11 

9 



I 



Donald*> (i93S) 

6 

4 

I 





LeSage and LeSage®* (i93S) 

4 

4 

0 





Henderson and King*' (1935) 

60 

28 

4 





Dobbs** (I93S) 

IS 

6 

l 




All cases of acute pancreatitis in 








children 

Huet** (I93S) 

Douglas’* (i933)\ 

I 

38 

I 

20 





j* One patient died in coma presum 

Douglas” (1935)/ 





\ ably an old diabetic 

Mendelssohn’ (1936) 

6 

3 

0 





deKlimko’* (1936) 

19 

8 



3 * 

0 

* 6 cases studied 

Rochet” (1936) 

6 

3 






Mahner'* (i937) 

19 

13 

3 





Joslm’* (I937)i 

Junst* (1909)/ 

I 

I 

0 



1* 

* See Table V 

■Weir” (1937) 

47 


3 





Gatewood*® (1937) 

2 

2 

0 





Sedglej’* (1937) 

2 

2 

0 



0 


Trasoff and Scarf** 41937) 

16 

4 


10* 



* All 10 cases studied had values of 








190 mg % — or more 

Brocq and Varangot*' (1937) 

I 

I 

I 

I 


I 

A case of temporary diabetes 

Kufferath and Volkmann* 

65 

44 






(1938) 

Beck** (1938) 

10 

2 

I 

3 



* One patient with a history of gly 








cosuna for 10 mos died in coma 

Dunlop and Hunt*’ (1938)! 

Hunt*" (1928)/ 

II 

7 

2 

6* 



* Only 6 cases studied 

Abell** (1938) 

30 

21 







percentage of patients with elevation of blood sugai is due to omission fioin 
published reports of noiinal values It ma)'' be said, however, that individual 
reports are in agreement Foi example, Joins-'^ found hyperglycemia in all 
of eight patients studied (three ovei 200, foui over 150 mg per cent) , Tiasoff 
and Scaif®'’ 111 all of ten patients studied (all over 190 mg per cent) , and 
Dunlop and Hunt®'* in all of six patients studied (five ovei 200 mg per cent) 
Bernhard®^ ®® feels that a glucose toleiance test is of gieatei diagnostic 
aid than is fasting blood sugai estimation He states that mild cases of 
acute pancreatitis in which there may be no hyperglycemia aie likely to show 
an abnormal glucose toleiance cuive Fuithermore, he states that, though 
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other acute abdominal conditions, eg, empyema of the gallbladdei, may oc- 
casionally manifest hypeiglycemia, they do not show the changes m glucose 
tolerance which he considers chai actei istic of acute panel eatitis There are 
few instances m the hteratui e m which this test has been recorded, but whei e 
It has been used it has appaiently home out his obseivation Mikkelsen*’^ 
agrees that this is a more helpful pioceduie m diagnosis than blood sugar 
determination, and Wildegans,'’'^ likewise, feels that m mild cases of pancrea- 
titis it IS of greatei assistance Tioissiei, Baiiety, and GabiieB®” have le- 
corded an unusual case with a revei sed hyperglycemia glucose tolerance curve 

A number of authors”’ ”” have suggested that the occurrence of maiked 
glycosuria, or more especially of hypeiglycemia, may be a bad prognostic sign 
Certainly, many examples may be cited m support of this opinion m addition 
to the fatal cases of true diabetes which will be discussed subsequently 
Neumann^”^ had a patient who was admitted on the second day of his illness 
with 6 5 per cent sugar in the ui me and acetone breath, who died the day 
after operation Dunn"*” lost a patient whose urine was loaded with sugar 
within 2g hours of the onset of symptoms Bernhard” had a fatal case m 
which the blood sugar rose in i8 hours from 260 to 370 mg per cent Dunlop 
and Hunt,^'^ likewise, reported a case in which the blood sugar rose fiom 
210 on the first postoperative day to 360 mg per cent before death, on the 
fifth day One of Grant's^- fatal cases had a blood sugar of 400 mg per 
cent Gemitz^”” lost a patient who had glycosuria and a blood sugar of 341 
mg per cent m spite of the use of insulin WalzeP- had a patient with a 
sugar of 340 mg per cent 12 hours after operation who died 111 36 houis 111 
spite of insulin therapy Whipple and Speese^”^ describe the case of a patient 
whose blood sugar was 384 mg per cent the day aftei operation Insulin 
failed to control the blood sugar after two weeks, and the patient died within 
four weeks There was only slight glycosuiia on a few occasions and nevei 
acetonuria On the other hand, many instances might be presented m which 
there has been marked hyperglycemia and recovery Of the 28 patients listed 
m Table II with blood sugar values in excess of 200 mg per cent, 14, 01 50 pei 
cent, died — about the mortality rate of the entire group of cases 

Diabetes Melhtus — Having thus established the fact that disturbances of 
carbohydrate metabolism of greater or less degree occui 111 a rather high 
percentage of patients with acute pancreatitis, I shall now consider true 
diabetes melhtus during the course of and following this disease Although 
most text-books on surgery do not mention diabetes as a complication or 
sequela, such cases have appeared from time to time m the literature since 
the latter part of the nineteenth century An attempt has been made to re- 
view all of these 

In Table II it will be seen that, excluding those cases of known pre- 
existing diabetes, tins affection as a permanent disease follows 52 times in 
a series of some 2,855 cases of acute pancreatitis, an incidence of about 2 
per cent The fact that a certain number of these cases are repoited, par- 
ticularly because of the diabetes, is perhaps offset by cases which have not 
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Table 

CASES OF DIABETES BEGINNING 






Opera- 

Au- 

Author 

Diagnosis 

Sex 

Age 

tion 

topsy 




CASES OF 

DEATH 

Benda and Stadelmanni“< (1896) 

Acute pancreatitis 

F 

23 

No 

Yes 

Neumann'o’ (1904) 

Acute hemorrhagic pancreatitis u ith al- 

F 

24 

Yes 

Yes 


most total necrosis 





Holten >®5 (1924) 

Acute necrosis (total) of pancreas 

F 

48 

No 

Yes 

Rodnquez '06 (1924) 

Acute pancreatitis 

M 

59 

No 

Yes 

Tscherning'”^ (1925) 

Hemorrhagic pancreatitis with severe 

F 

31 

No 

Yes 


necrosis 





Bayer’< (1930) 

Acute pancreatie neerosis 

M 

28 

No 

Yes 



OTHER CASES OF 

DEATH 

Franke'*® (1902) 

Acute hemorrhagic pancreatitis 

M 

42 

No 

Yes 

Bosanquet'®* (190s) 

Acute hemorrhagic pancreatitis 

F 

S3 

No 

Yes 

Caro and Winkler»® (1918) 

Acute hemorrhagic pancreatitis 

M 


No 

Yes 

Warfield'® (1927) 

Acute hemorrhagic pancreatitis 

M 

69 

Yes 

No 

Warfield'® (1927) 

Acute pancreatic necrosis 

M 

SO 

Yes 

Yes 

Kersohner ® (1929) 

Acute pancreatitic necrosis 



Yes 


Kerschner ® (1929) 

Acute pancreatic necrosis 



Yes 


Warren®* (1930) 

Acute pancreatitis 

6 cases 

? 

Yes 




CASES WITH SURVIVAL 

Brentano"* (1902) 

Acute pancreatitis with subsequent sub 

F 

24 

Yes 

No 


phrenic abscess 





Peisner" (1902) 

Acute pancreatitis and hemorrhagic pseu 

F 

28 

Yes 

No 


docyst 




No 

Albu"® (1911) 

Acute pancreatitis with abscess 

F 

29 

Yes 

Vogel"' (1924) 

Acute pancreatitis 



Yes 

No 

Matthaes®' (1931) 

Acute pancreatitis with abscess 

F 


Yes 

No 

Bernhard®’ (1931) 

Acute pancreatic necrosis, subtotal in 


32 

Yes 

No 


farct 





been diagnosed either liecause of lack of interest oi 

of systematic follow 

-up 

studies In addition, 

some 10 similai cases have 

been 

collected from 

the 


earlier liteiature Since I have found, during the period covered by Schmieden 
and Sebening’s^^ report, only ten cases, it is appaient that eight of the l8 
mentioned by these authors were collected through personal communications, 
or have failed to come to my attention in the literature Altogether, then, 
there are some 62 cases of diabetes thought to be etiologically related to 
acute panel eatitis The available data on these are assembled in Tables III, 
IV and V Only cases in which the diagnosis was established at celiotomy 
or autopsy are included Other more doubtful cases will be referred to 
subsequently 
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III 

DURING ACUTE PANCREATITIS 


Onset of 

Character of 


Diabetes 

Diabetes 

Remarks 

IN DIABETIC COMA 


On admission 

Died in coma after r 

Was entirely well without symptoms of diabetes before acute 


wk 

illness 

On admission 

Died on tenth p o 

No definite proof of no preexisting diabetes, though presumably 


day, I day in coma 

there was none Treated unsuccessfully with diet and soda 
bicarb 

On admission 

Died on third day of 

Unne negative S wks before 


illness, in coma 

Insulin therapy 

On admission 

Died in 2 ivks , in 

Urine negative 6 wks before 


coma 

Insulin therapy 

Within 2 w ks 

Died in coma, 6 days 

Unne negative 16 days before death 


after adm 

Insulin therapy 

Within I Tsk 

Died in coma in 2 

Never any diabetic symptoms before 


wks 

Insulin therapy 

DURING ACUTE 

ILLNESS 


With onset of P -I * 

Fulminating 

Died 2 wks Never any symptoms of diabetes before P -I 

With onset of P -I * 

Severe 

Died in collapse with acidosis but without coma within 2 wks 

On admission 

Severe 

Died within a few days Acidosis Unne negative dunng at- 
tack Questionable cholecystitis i yr before 

On admission 

Severe 

Operation on twelfth day Death Presumably not a diabetic 
previously 

Semicoma ■s\ ith on- 

Severe 

Operation i mo after onset of P -I Death in 10 days Had re- 

set of pain 


cently been examined and nothing abnormal found 


Severe 

Died on fifteenth p 0 day 


Severe 

Died on third p 0 day 

' After the onset of 
symptoms” 


No other details 

* P -I represents 

present illness ” 


OF ACUTE ILLNESS 


1 1 days po dwhs 

Regulated with diet 

Glycosuna decreased with diet, recurred again on mixed diet 

after onset 


Large sequestrum (i2X4x}^ cm ) 

Within 2 -nks 

Died in coma in 6 

Apparently no diabetes wks before dunng delivery Diet 


mos 

and soba bicarb Sequestrum (19x7x3 cm ) 

In I i\k 

Severe v, ith acidosis 

Unne negative on admission 

Followed for 2 yrs 

Diabetes did not exist before No other details 

Dunng acute illness 

Fairly severe 

Followed for 4 yrs Under constant supervision 

Within 2 nks 

Died in 4 yrs in 

Passed small sequestra after operation 


coma 


In Table III are listed 25 cases of diabetes beginning during the course 
of acute pancreatitis Six of these patients died within a short period in 
diabetic coma A number were treated with insulin Thirteen died during 
the acute illness with severe diabetes, though apparently not m coma No 
information concerning six of these"*- is available Six patients whose diabetes 
began during the acute pancreatitis survived the acute illness Two of the 
six^s. 112 coma (six months and four years, respectively) Bren- 

tano’s^^^ patient had not been followed long at the time of his report but 
apparently had a mild diabetes No details are given m Vogel’s^^-^ case The 
other two patients^"- were followed for two and four yeais, 1 espectively, 
and had severe diabetes It should be mentioned that sequestration of the 
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panel eas was noted in three of these six patients who survived their acute 
illness 

Table IV 

CASES or DIABETES BEGINNING SOON AETER ACUTE PANCREATITIS 






Opera- 

Au- 

Onset of 

Cha-acter 


Author 

Diagnosis 

Sex 

Age 

tion 

topsy 

Diabetes 

of Diabetes 

Remarks 

Umberiis 

(192s) 

Severe acute pan- 
creatitis 

Necrosis 

F 

27 

Yes 

No 

I'A mos 
after op 
eration 

Managed 
well on in- 
sulin 

Large sequestrum — 
almost all of pan- 
creas Pt followed 
2 yrs 

Orthner"® 

( 192 s) 

Entirely infarcted 
hemorrhage pan 
creas 

F 

28 

Yes 

No 

Soon after 
discharge 
(discharged 
in 8 uks ) 

Managed 
w ell on in- 
sulin 

Large sequestrum 
passed on sixteenth 
p 0 day 

Nej ' (1929) 

Lesser sac abscess 
from pancreatitis, 
cholecystitis , 
cholelithiasis 

F 

37 

Yes 

No 

3 mos after 
operation 

Mild 

Unne neg on adm 
Transient glycosuna 
postopera tively 

Felsenreichi' 

0932) 

Acute pancreatic 
necrosis Total 
infarct 

F 

36 

Yes 

No 


Severe 

No sequestrum 


In Table IV aie grouped foui cases of diabetes with onset within a short 
peiiod aftei lecoveiy fioni acute pancieatitis One patient had a mild dia- 
betes,"^ one a severe case,'*" two Aveie managed ^\ell on insulin **^' ^*‘’ Two 
of the four had extensive sequestration of the pancreas 

In Table V aie listed those cases of diabetes which ensued a year or 
moie after acute pancieatitis and also a few in which the exact time lela- 
tionship IS not available Altogethei , thei e ai e 33 cases m which the diabetes 
came on fiom one to 22 yeais aftei the acute illness — an average of about 
seven yeais In all the cases the pancieatitis was relatively severe, con- 
siderable sequestiation was noted in four, and a long, persisting fistula m 
three instances Six patients died with sevei e diabetes ■*"’ *** no data 

are available as to the seventy m 13 cases, foui patients had mild diabetes, 
the remainder more 01 less severe 

It may be pointed out that inactically all of the 62 patients listed had 
severe pancieatitis and that m the 43 who survived the acute episode, seques- 
tiation was fairly common, m at least 20 per cent 

In addition to the above cases theie are reported about 19 cases of acute 
pancieatitis^** in patients known to have diabetes 

In one, the outcome is not stated **■* One patient suivived The lemaining 
17 died, most of them m obvious diabetic coma Not only was the disease 
almost always fatal, but in maii)'^ instances it was extiemely difficult to make 
the diagnosis of acute pancreatitis 

In addition to the cases reviewed above, Giott*-** is said to have had a 
patient who developed acute diabetes duiing the couise of acute pancreatitis 
which peisisted m a chionic form I have been unable to examine his repoit 
One of Umber’s cases has been cited He has seen diabetes develop m 

* In two instances®® it is not stated that the diabetes existed before the acute ill- 
ness, though presumably it did 
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i6 othei patients, among 38 with extensive panel eatic neciosis that he has 
obseived In these he suspected a pieexisting diabetic tendency 

Not included in the tabulated cases are a number m which the etiologic 
lelationship of acute pancieatitis to diabetes depends upon the assumption 
that an initial abdominal crisis was due to the same process as a similar 
teimmal one m which the diagnosis was definitely established, or upon the 
assumption that the diagnosis made at autopsy explained the initial pait of 
a long continued illness Fiison^-® piesented a patient whose diabetes began 
two months aftei the onset of abdominal complaints with jaundice The 
patient died about eight months latei, and showed at autopsy a laige pan- 
el eatic abscess with common duct obstiuction Fieiichs^-*’ reported two cases 
One was a female, age 27, who developed lathei severe diabetes at the onset 
of an attack of abdominal pain, and who presented at autopsy, six months 
latei, a laige hemorrhagic cyst of the panel eas The othei was a patient 
who developed diabetes about one month aftei the beginning of an acute 
illness, which was diagnosed at postmoitem examination, six months latei, 
as panel eatic abscess Ponfick^^® had a patient whose diabetes began with 
an acute illness quite similai to a fatal one terminating 111 diabetic coma 
Autopsy showed hemoirhagic pancieatitis Noiero’s^^^ patient, likewise, de- 
veloped diabetes five months aftei an acute illness quite similar to a subse- 
quent fatal attack one year later which was diagnosed as acute pancreatitis 
and panel eatic ciirhosis The ciirhosis was a consequence of the initial attack 
Theie is fair reason to assume that a numbei of these cases may lepiesent 
instances of diabetes due to acute pancieatitis 

I have also not included several cases which might be teimed tempoiaiy 
diabetes In 1902, Nash^^- leported the case of a patient who was found 
to have acute pancreatitis and cholelithiasis on exploiation and who had 
glycosuria when first seen and continued to excrete sugar foi six months 
Seven months after operation his urine was free of sugai Hunt®^ and 
Whipple^®^ had patients with acute pancreatitis who requiied insulin therapy 
for hyperglycemia and glycosuria, and who lecoveied completely aftei a 
rather long time and remained well Brocq and Varangot®^ repoited the case 
of a patient who had abundant glycosuria postopei atively which lecuired 
with acetonuria when insulin was first discontinued, the patient was well at 
the end of three months WalzeF- had two patients in whom diabetes de- 
veloped during acute pancieatitis, they refused operation and subsequently 
had relief from the diabetes following opeiative drainage of pseudocysts 
^\hlch had formed Sodeman^®® reported a similar instance of appaient 
disappearance of diabetes after operative tieatment of a pancreatic cyst 
Warfield,^® Wilder,^^*^ Stern,^®^ Svartz,^®® Henningsen,^®'^ MosenthaF®® 
and SobeF®® have presented cases of diabetes which they are inclined to 
attribute to an acute pancreatitis not pioved by celiotomy or autopsy I 
have not considered these cases in detail since there is moie or less question 
as to the validity of the diagnosis A number of these authors feel that 
even mild, umecognized cases of acute pancreatitis may either initiate diabetes 
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Table 


CASES 

; or 

DIABETES BEGINNING ONE YEAR 





Opera- 

Au- 

Onset of 

Author 

Diagnosis 

Sex 

Age 

tion 

topsy 

Diabetes 

Brentano'u (i 899)1 

Acute pancreatitis with 

F 

48 

Yes 

Yes 

yrs 

Kortes (1898) / 

abscess 






Rollmannus (1914) 

Acute hemorrhagic pan- 

F 

36 

Yes 

No 

S yrs 


creatitis with abscess 






Vogelin (1924) 

Acute pancreatitis 

F 

26 

Yes 

No 

7 yrs 

Vogel”* (1924) 

Acute pancreatitis 

F 


Yes 

No 

6 yrs 

Dunn c/ a/ (1926) 

Acute pancreatitis 

M 

39 

Yes 

No 

6 yrs 

Dunn el a! ”• (1926) 

Acute pancreatitis 

M 

S6 

Yes 

No 

4 yrs 

VonRedivitz” (1927) 

Acute pancreatic necrosis 

r 


Yes 

No 


Brutt” (1927) 

Acute pancreatic necrosis 



Yes 

No 


Ney” (1929) 

Acute hemorrhagic pan- 

F 

38 

Yes 

No 

yrs 


creatitis 






Ney ‘ (1929) 

Hemorrhagic cyst follow- 

F 

47 

Yes 

Yes 

18 yrs 


ing pancreatitis 






Ney ■ (1929) 

Acute pancreatitis 

r 

46 

Yes 

No 

13 yrs 

Ney” (1929) 

Acute pancreatitis 

M 

3S 

Yes 

Xo 

22 yrs 

Jorns-5 (1929) 

Acute pancreatic necrosis 

M 

48 

Yes 

No 

i'A yrs 

Bernhards* (1931) 

Acute hemorrhagic pan- 


31 

Yes 


II >rs 


creatitis 






Bernhard** (1931) 

Acute pancreatic necrosis 


52 

Yes 


’ 8 yrs 

Bernhard’* (1931) 

Acute pancreatic necrosis 


28 

Yes 

No 

13 yrs 

Bernhard’* (1931) 

Acute pancreatic necrosis 


29 

Yes 

No 

I yr 

Joshn’f (1931) \ 

Acute gangrenous pan- 

M 

39 

Yes 

Xo 

iH >rs 

Gunst » (1909) / 

creatitis 






Martens*’ (1931) 

Acute necrosis 



Yes 

No 


Unger and Sostmann*’ (1931) 

Acute pancreatitis 



Yes 

Xo 


Lemieux’* (1932) 

Acute hemorrhagic pan- 

F 

22 

Yes 

No 

lA >rs 


creatitis 






Dow me” (1932) 

Acute pancreatitis 

M 

38 

Yes 

No 

2 jrs 

McWhorter** (1932) 

Acute pancreatitis 



Yes 

No 

3 yrs 

deTakats and MacKenzie*® (1932) 

Acute necrosis 



Yes 

No 


deTakats and MacKenzie*’ (1932) 

Acute necrosis 



Yes 

X’o 


Schmieden and Sebening** 

Acute necrosis 

8 cases* 

Yes 

No 



or bring about an exaceibation of a pieexisting diabetes Wilder, Hirsch- 
feld,^^° Patrick, Gundersen^"*- and Massa^'^^ have raised the question 
whether mumps may initiate diabetes through a concomitant pancreatitis 
It IS striking that in Patrick’s review, as this author himself points out, those 
patients with definite diabetes following mumps had no abdominal pain to 
suggest acute pancreatitis 

Of great interest are those few available follow-up studies upon patients 
cured of acute pancreatitis These are summarized in Table VI One is at 
once impressed with the relatively high incidence of disturbance of carbohy- 
drate metabolism Of i6i patients followed, 14, or about 9 per cent, had 
diabetes In addition, about 35 per cent of those studied had some alteration 
of glucose tolerance Sebening® and Brutt^® feel that a high percentage of 
patients have an abnormal glucose tolerance and that there is a tendency to- 
ward a return to normal as time passes 
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V 


OR MORE AFTER ACUTE PANCREATITIS 


Character of 
Diabetes 

Severe Died in coma 8 yrs after op- 
eration 
Severe 

Rather severe 
Moderately severe 
Well managed on insulin 
30 u BID Moderate 
Well managed on insulin 
10 u BID Mild 
No details 

Blood sugar 450 mg % 

Mild Blood sugar 224 mg % 


Remarks 

Large sequestrum 

Unne negative at time of pancreatitis 
Followed s yrs 

Urine negative at time of operation and i yr later 
Unne negative at time of acute illness 


Trace of sugar found 2 yrs after operation 

Says blood sugar remained normal until patient became pregnant 
No other details 

Had hyperglycemia dunng early part of course with glycosuna 


Moderately severe Died 3 > rs later 
in coma (’) with fracture 

Moderate 

Mild 

No details 

Died 7 yrs later with severe dia- 
betes 

Died I yr later with severe diabetes 
and a carbuncle 

Severe 

Severe 

Died in coma 4J^ yrs later 

Died of diabetes 4}^ yrs after opera- 
tion 


Had negative unne dunng acute illness and during a recurrence 
9 yrs later Had sequestration of pancreas 
Transient glycosuna i mo postoperatively 
No glycosuna before 

Large sequestrum — pancreatic fistula for a long time 
Large sequestrum Fistula for 3 mos 


Fistula for 3 mos 

Mother had diabetes No glycosuna dunng acute illness 


Mild 

Managed well on 10 u of insulin 

Required 70 u of insulin daily 
No details 
No details 
No details 
No details 


No glycosuna before 
No glycosuna dunng acute illness 
Sugar-free before acute illness 
Sugar-free before acute illness 

* These 8 cases included in this senes are not listed separately 


As regards changes in carbohydrate metabolism and the veiy occasional 
occurrence of diabetes in othei diseases of the pancreas, there are a numbei 
of reports available in the literature Very closely related to the subject 
that has just been reviewed, and piobably originating from the same initial 
lesion, are the cases of pancieatic pseudocysts and diabetes Beadle’^'^'^ and 
Simsch’^'*^ have presented cases and cited a few othei s from the literatuie 
Bernhard^-*® has also discussed the relationship between pancreatic cysts 
and diabetes Wells^'*'^ reported a case of diabetes following posttiaumatic 
calcification of the pancreas and cited another case repoited by Grund 
Labbe^'^® has presented a few cases of pancreatic hthiasis and diabetes and 
mentioned a few others from the literature Diabetes appaiently following 
carcinoma of the pancreas is quite rare Sweeney^^^ repoited a case of 

subacute pancreatitis in a man ivith a strongly diabetic family history who 
developed a temporary diabetes with his illness Others,''^'- have dis- 
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cussed caibohydiate metabohsm changes w chiomc panel eatitis The possible 
idle of pancreatic involvement in some cases of biliaiy tract disease and 
diabetes has been discussed by several authors 

Table VI 

rOLLO\V-UP STUDIES AETER ACUTE PANCREATITIS 


Author 

No 

of 

Cases 

Time Be 
tween Acute 
Illness and 
Follow-Up 

No With 
Abnormal 
Glucose 
Tolerance 

No 

With 

Dia- 

Comments 

Sebening* (1927) 

Studied 

21 

Study in 
Years 

H'17 

But Not 

True Diabetes 

All studied 6 

betes 

0 

* Usually normal when studied a 

Brutt'3 (1927) 

20 


months after 
operation * 

Most cases stud- 

I 

j ear or more after operation 

None had high blood sugar except 

Ney ‘ {1929) 

13 

H-23 

ied shortly after 
acute illness 

3* 

5 

the instance of true diabetes 

* 2 spilled sugar in unne during 

Tammann > ( 1920 ) 

12 


6* 

0 

test 

S had slightly elevated fasting 

Jorns 5 (1929) 

7 

'A-u'A 

S 

I 

blood sugar (128-153 mg ) 

■* 2 spilled sugar in unne dunng 
test 

Stockers® (1930) 

S 

Less than 

* 

0 

* All had elevated fasting blood 

Bernhard®* (1931) 

SO 

3 

5* 

5 

sugar No further details 
* 25 cases studied 4 had glyco 

Unger and Sostmann-is 

16 


S 

1=*' 

suna dunng test 

“I'Another case of diabetes had ex 

(1931) 

Downie“ (1932) 
deKhmkoW (1936) 

II 

6 

y.-s 

2 

3* 

I 

0 

isted at time of operation 

* Slight changes 


Although I have not reviewed the entire liteiatuie concerning the diseases 
mentioned above, it seems apparent that they aie associated much less com- 
monly with diabetes than is acute pancreatitis When one considers the 
relative seventy of pathologic damage in the various conditions, this observa- 
tion IS as might be expected Ftii theiinore, since these disease processes 
have a more insidious onset than acute pancreatitis, it is not possible to 
ascribe to them the causative role in the production of diabetes with the 
lelative certainty that can be felt Avhen diabetes ensues after such an abrupt 
and ‘itriking crisis as acute pancreatitis 

The fact has been mentioned that cei tain authoi s have felt that mild cases 
of panel eatitis may result in diabetes On the other hand, most of those who 
have had an opportunity to study alteied caibohydrate metabolism and dia- 
betes duiing and following pioved cases of acute pancreatitis are impressed 
with the severity of the pancreatic necrosis in these cases In general, it 
seems apparent that these distuibances are due to damage of the islet tissue, 
though not necessaril)^ of such a nature as to leave anatomic landmarks of 
the injury There are no data available to suggest that the destruction of 
the pancreas is predominantly m one part of the organ or another in those 
instances in which diabetes has followed pancreatitis, but rathei that in most 
of them there has been almost complete necrosis of the organ There has 
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been no consistent diminution in the numbei of islets of Langerhaiis oi in 
their histologic appearance, although these observations have been made 
Interestingly enough, Koite,^ who reported one of the eaily cases, doubted, 
once he saw the pathologic material at autopsy, that the diabetes had been 
due to the pancreatic disease In this case the head was somewhat eiilaiged, 
and the body and tail showed to a large extent leplacement by fibrosis 
Sebenmg® emphasizes the impoitance of loss of panel eatic tissue duiing 
the acute illness m the production of diabetes Bernhard^® also feels that 
the severity of the necrosis, the extent of sequestration, and the persistence 
of pancreatic fistulae aie impoitant factois Jorns-^ stresses the possible role 
of ensuing chionic panel eatitis Tammann-^ feels that age is an impoitant 
factor and that patients with acute panel eatitis who are ovei 40 lun a greatei 
risk of developing diabetes Bernhaid^^ piesents data suggesting that this 
is not true, and ceitainl}^ it does not seem apparent from the piesent survey 
The importance of familial pi edisposition to diabetes, mentioned by Umber^-’’’ 
and Sweeney,^^- does not seem of great significance in the cases reviewed 

Discussion — In considering acute panci eatitis and diabetes, one may 
legitimately ask ‘'What pi oof have we of a causal lelationship^” Diabetes 
may make its appeal ance in any decade of life It is commonly first diagnosed 
dm mg some acute illness, whethei this is an upper lespiiatory infection, a 
carbuncle, or some othei disease 

It appears obvious, howevei, that all the evidence speaks m favor of 
the pancreatic damage as the etiologic agent In the fiist place, distuibances 
of caibohydrate metabolism occui with gieat frequency during the course 
of acute pancreatitis Glycosuiia is piobably present m 10 to 12 per cent 
of all cases at one time 01 another during the acute illness Hyperglycemia 
IS appaiently present with considerable legulanty, and altered glucose tol- 
erance, it seems, may be demonstiated in an even higher percentage of cases 
Those instances of definite diabetes coming on abruptly duimg 01 shortly aftei 
the acute illness, such as my case and those collected in Table III, are very 
impressive Pei haps little significance could be attached to the cases of dia- 
betes ensuing one year or more after acute pancreatic neciosis, weie it not 
for the fact that, 111 careful follow-up studies, not only is diabetes found in a 
significant percentage of cases, but lessei giades of impaiied glucose tol- 
erance are observed m a much largei propoition Altogethei the pathogenesis 
of this type of diabetes seems well established 

As to the factors involved in the production of diabetes, the most sti iking 
is that, piactically without exception, the cases of diabetes following proved 
acute pancreatitis have developed after a veiy seveie panci eatitis, generally 
with widespiead neciosis of the organ Extensive panci eatic sequestration 
seems to inciease the likelihood of diabetes The fact that, anatomically, 
acute pancreatitis affects predominantly the acinous tissue lather than the 
islets of Langeihans is of little concern Instances aie numerous of the 
so-called idiopathic diabetes in \\ Inch no anatomic change can be demonsti ated 
111 the islet tissue 
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Undoubtedly, theie aie many attacks of mild panel eatitis that escape 
recognition It is unlikely, in -view of the seventy of the necrosis in the 
proved cases, that these mild cases aie responsible for the development of 
diabetes, though it is possible that such mild attacks may cause exacerbations 
of preexisting diabetes 

A regal ds the importance of these findings in the surgical management 
of acute panel eatitis, the indications are cleai Obviously, eveiy patient 
should have a complete urine examination before opeiation The occasional 
occurience of glycosuria may he suggestne, though this finding occuis too 
mfiequently to he of great diagnostic aid As long as one adheres to the 
belief that suigical drainage is the treatment of choice, as I do, there may 
not always he time for extensive blood studies Each suspected case of 
acute panel eatitis, however, should have blood drawn foi an immediate 
01 subsequent blood sugai examination, and m those instances m which 
opeiation must he delayed a few houis because of shock or other circum- 
stance, it will not he amiss to make a glucose tolerance test Certainly, these 
studies should he made m instances of suspected mild acute pancreatitis 
It will only be through thus accumulating a large amount of data that 
the piesent conception of the veiy high incidence of hyperglycemia and 
deci eased glucose tolerance can he substantiated and the diagnostic A^alue of 
these proceduies confirmed Likewise, furthei study will settle the question 
as to the piognostic importance of these obseivations Postopei atively, the 
urine and blood sugar should he tested frequently and a glucose tolerance 
test should be made from time to time Appropriate dietaiy or insulin 
theiapy should he instituted where indicated Rich^-^ has raised the question 
as to the possible enhancement of the pancreatic damage thiough the use 
of intravenous glucose, because of its action in stimulating secretion of the 
pancreatic enzymes Lewis^®”'^ and Wangensteen^'’® have, consequently, sug- 
gested that glucose should he given spaiingly It may prove of help to avoid 
a high caibohydrate diet and intravenous administration of glucose unless 
they are covered by insulin Those patients Avho suivive then acute illness 
must be warned to leturn for frequent follow-up studies Pei haps eaily 
lecognition and pioper dietary regimen may avert a serious diabetes m those 
patients showing a mild disturbance of carbohydiate regulation 

SUMMARY AND CONCLUSIONS 

(1) A case of severe diabetes melhtus developing m the couise of acute 
hemoirhagic panel eatitis is presented Other instances of altered caibo- 
hydrate metabolism m acute pancreatitis are repoited 

(2) The hteiature concerning changes m carbohydrate metabolism m 
acute panel eatitis and diabetes as a complication or sequela is discussed 

(3) It IS pointed out that glycosuiia occurs m about ii pei cent of pa- 
tients with acute pancreatitis, and that Ityperglycemia and decreased glucose 
toleiance occui in a much greater proportion of cases The diagnostic im- 
portance of the latter tests is discussed 
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(4) Diabetes may develop dining acute panel eatitis It may tei inmate 
rapidly in coma, oi the patient may suivive with a peisistent diabetes of 
gieatei or less seventy It may ensue aftei a few months or many years 
At least 2 per cent of all patients with seveie acute panel eatitis develop 
diabetes, and, of those suivivmg the acute illness, from 3 to 10 pei cent 
develop this malady A much laigei peicentage of suivivmg patients will 
have mildei grades of altered carbohydrate metabolism It seems unlikely 
that mild cases of acute panel eatitis result 111 diabetes 

(5) It IS suggested that these featuies of the disease be kept in mind 
in the management of acute panel eatitis, and that systematic follow-up 
studies be made 
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INDICATIONS FOR LOBECTOMY AND PNEUMONECTOMY IN 
PULMONARY TUBERCULOSIS 

Paul C Samson, M D 

Oakland, Calif 

Pulmonary resection as a tieatment foi tubeiculosis may be classified 
m two separate peiiods In i88i, Block^ peifoimed unsuccessfully what piob- 
ably was the fiist planned pulmonary lesection for tuberculosis From i88i 
to 1895, cases weie lepoited by Ruggir Tuffiei,^ and otheis Tuffiei believed 
that pulmonary lesection should be employed when the tubeiculosis was local- 
ized He felt that by lemoval of the piimaiy focus, a spread of the disease 
might be prevented 

No cases were lepoited from 1895 to 1934 Piobably the pool results 
previously obtained discouiaged surgeons In addition, the acceptance of 
collapse therapy was becoming moie widespiead and the efficiency of thoraco- 
plasty was increasing 

The second period began m 1934 In that year FreedlandeH performed 
a successful right upper lobe lobectomy for a tuberculous cavity that could 
not be closed by pneumothoiax In 1938, Jones and Dolley^ reported then 
series of two lobectomies and thiee pneumonectomies perfoimed m tubei- 
culous patients They were the fiist to suggest some of the criteria foi planned 
pulmonary resection in tubeiculosis Scattered cases presented by Beye,® 
Eloessei,' O’Brien,^ Biunn,° Rienhoff,^® Lmdskog,^^ Crafoord,^^ and others 
have brought the total number now reported^ m the literature to 22 In several 
of these, tuberculosis was an unexpected microscopic diagnosis following the 
removal of a lobe or a lung for suppuration 

Many thoracic suigeons now feel that lobectomy and pneumonectomy prob- 
ably have a definite place m the surgery of pulmonary tuberculosis As is 
usually the case with procedui es not m genei al use, no attempt can be made to 
list clear-cut indications Our reasons for recommending lobectomy and 
pneumonectomy at the present time undoubtedly will be modified by further 
experience In the present report, six cases of planned pulmonary resection 
m tuberculosis are summarized (thiee lobectomies and thiee pneumonec- 
tomies) 

From this experience and that of others, paiticularly of Jones and Dolley, 
some attempt will be made further to crystallize our piesent attitude about 
the indications and contiaindications for lobectomy and pneumonectomy 111 
patients with phthisis Operation upon two of the six cases was peifoimed 
by Dr John Alexander, and their inclusion 111 this series is with his pei mission 
Detailed leports of these two cases will be published subsequently by him 

*Read before the Section on Thoracic Surgerj-^, Third Congress of the Pan-Pacific 
Surgical Association, at Honolulu, T H , September 15-22, 1939 Submitted for publi- 
cation March 2, 1940 
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Case I — L C , white, female, age 32 On August 3, 1936, a total left pneumonec- 
tomy was performed at the University of Michigan Hospital by Dr John Alexander, 
assisted by the author This patient had an atelectasis of the left lung and an advanced 
fibrostenosis of the left stem bronchus She was seriously ill because of obstruction of 
secretions Thoracoplasty seemed inadvisable because of the marked bronchial obstruc- 
tion Dilatation of the stricture was impossible After a prolonged convalescence she 
eventuallj became well and to-day is leading practically a normal life 

It IS Intel estmg that this is one of the fiist planned pneumonectomies in 
tubeiculosis of which we have recoid 

Case 2 — A O ’s , white, female, single, age 33, was referred by Dr Robert Peers, of 
Colfax, Calif A total right pneumonectomy was performed by Dr Emile Holman and the 
writer at the Stanford Hospital, San Francisco, June 5, 1937 Symptoms of right-sided 
pulmonary tuberculosis developed in October, 1932 Bed rest alone, later supplemented 



Tig I — Case z Postero interior roentgeno Pic z — Case z Roentgenogram with 

grim prior to thoricoplisty The l)ise is atelectatic Buck> technic following ten nb thoracoplisty Ihe 
Questionable areas of ciMtition it the level of right lung is completely collipsetl Patient s>nip 
the fifth and sixth nbs posteriorlj tomaticillj unimpio\ed 

by induced pneumothorax for one and one-half jears, resulted in slow improvement 
During this time she suffered from “asthmatic attacks ” The sputum became negative 
for tubercle bacilli although she still coughed and raised purulent sputum Her “attacks 
were characterized by cessation of sputum for two or three days, fever, and an irritative 
nonproductive cough On about the third day, sputum would be produced m large quan- 
tities and the temperature would fall These attacks often occurred at the time of men- 
struation A phrenicectomy effected little change in her condition Roentgenograms 
showed some suggestion of cavitation in the upper lobe (Fig i) Late in 1936, a two- 
stage, ten-nb thoracoplasty was performed by Doctor Holman There vere no visible 
uncollapsed cavities following thoracoplasty (Fig 2) The sputum was decreased m 
amount but the patient still expectorated from 25 to 50 cc The harassing cough re- 
mained unchanged 

Betw’een the stages of her thoracoplastj , stenosis of the right stem bronchus was 
demonstrated bronchoscopicallj Following the second stage, bronchoscopy again w'as 
performed on tw’o occasions (P C S ) The right stem bronchus was so narrowed 
that onh a dimple remained Successful dilatation w'as not possible 

Iiidicahoiis foi Pncutnoncctomv — The patient had a persisting chronic infection and 
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a highh obstructed stem bronchus Presumabh the tuberculosis was arrested since 
tubercle bacilli were not found in the sputum The patient’s cough was worse following 
thoracoplasty It was obvious that the lung was totally atelectatic and that the patient’s 
illness continued because of the lack of drainage of infectious secretions Pneumonectom} , 
therefore, was recommended 

Opoativc Piocedmc and Subsequent Couise — The right lung was exposed through 
a posterior incision after regenerated ribs had been removed The visceral and parietal 
pleurae were densely adherent E\entualh the hilum was mobilized and a Carr automatic 
hilar ligature applied The lung was amputated and the wound closed m layers Closed 
intercostal drainage was established The immediate postoperative convalescence was 
stormy and bronchopneumonia developed at the left base Later the wound was opened 
and packed E\entuall3 it closed completely by granulation Clmicallj', bronchial 
fistula was ne\er a problem She has led an essentiall} normal existence although there 
has been moderate dj spnea, probably as a result of a slight narrowing of the lower trachea 
Recentlj a few tubercle bacilli -were found m her sputum Bronchoscopic examination 
revealed a collection of thick pus in the shallow stump of the right stem bronchus It 
IS possible that a tortuous bronchial tract maj persist leading to a focus in the collapsed 
interpleural space The left lung remains clear 

Pathologic Examination — Dr James B McNaught, Stanford Department of Path- 
ology The lung was shrunken, firm, and entirely atelectatic Scattered bronchiectases 
were present Alicroscopicalh , fibrous tissue replaced the alveolar structure The 
bronchiectasis was nontuberculous Most of the tuberculosis appeared quiescent It was 
characterized by^ caseous necrosis with beginning calcification Onlj'- occasional giant 
cells were seen Of importance was the fact that the most highly cellular tubercles were 
located predominantly in the submucosa of the medium and larger bronchi 

Case 3 — A H, white, female, age 27 Referred by Dr Elliott T Smart of Bret 
Harte Sanatorium A total left pneumonectomj' was performed, October 4, 1938, by the 
author Roentgenographically, the original tuberculosis consisted of a minimal lesion 111 
the left low'er lobe (Fig 3) Cough and sputum were out of proportion to the amount 
of tuberculosis The sputum -was positive for acid-fast bacilli and the patient had a 
constant Avheeze According!}’’, she was bronchoscoped shortly after admission Severe 
tuberculous ulceration and stenosis of the left lower lobe bronchus ivas found This was 
treated with high frequency cauterization five times at monthly intervals Ulceration 
almost entirely’ healed and fibrous stenosis increased Wheezing disappeared Following 
an upper respiratory infection three months later, wheezing again became prominent and 
bronchoscopy showed extension of the ulcerative lesion to the carma Following cauteri- 
zation, partial atelectasis of the left lung developed There was subsequent clearing, 
followed by the development of complete atelectasis (Fig 4) Anterior and posterior 
mediastinal herniation of the right lung developed Following further cauterization, the 
bronchial lesion became a pure fibrous stenosis Pneumothorax had been attempted 
without success There ivas no change following temporary paralysis of the left phrenic 
nerve 

Indications foi Pneumonectomy — This patient was observed for six months following 
the de\elopment of total atelectasis During this time she was always moderately toxic 
and her sputum persistently contained tubercle bacilli She had occasional febrile epi- 
sodes Bronchial dilatation was attempted, but the patient’s symptoms did not abate 
Thoracoplasty appeared futile since the lung w’as already collapsed The continued 
toxicity from obstruction of secretions due to the ad\anced bronchial stenosis made total 
removal of the lung seem the only’ surgical procedure offering the patient a chance of 
a return to health The patient was in relatively' good condition and the opposite lung 
W’as clear 

Opciativc Piocedmc and Subsequent Com sc — The left lung w’as exposed through 
a posterior incision with remo\al of the fifth rib Adhesions completely obliterated the 
pleural caMty The hilar -sessels w’ere individually ligated and the bronchus w-as divided 
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and closed with silk The vessels were much smaller than normal The thoracic cavity 
was closed without drainage and air was aspirated The immediate postoperative con- 
valescence was excellent After the tenth day, the patient became increasingly toxic with 
fever, cough, and foul expectoration Repeated aspirations of fluid from the left chest 






Tig 3 — Case 3 Postero anterior roent 
genogram A minimal tuberculous lesion is 
seen in the left lower lobe 


Pig 4 — Case 3 Roentgenogram with Potter 
Bucky technic Total atelectasis of the left lung 
IMultilocular caaitation at the apex (a) Carina 

(b) Anterior mediastinal herniation of right lung 

(c) Stenosis of left bronchus (d) Posterior medi 
astinal herniation of right lung 




ms- 




Tig 5 — Case 3 Mediastinal aspect of atelectatic left lung The stem bronchus is diMcled at its 
junction into upper and lower lobar branches Considerable mucosal thickening is evident The lower 
lobar bronchus is partiallj obstructed 

showed no evidence of infection at first Eventuallj a localized empyema with bronchial 
fistula became evident Rib resection was performed but a nontuberculous spill-over 
infection at the right base alread\ had occurred The patient was temporarily improved 
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following drainage by rib resection Later it was necessary to drain a rectal abscess and 
the patient died ten weeks following pneumonectomy 

111 retrospect it was a mistake not to have drained the pleural cavity at the time 
pneumonectomy was performed 

Pathologic E'laiiiinafion — The left lung measured 16x10x3 cm (Fig 5) Except for 
a small portion of the lingula, it was entirely airless Sections through the mam lower 
lobe bronchus and its branches showed progressively increasing obstruction distallj The 
mucosa was diffuselj ulcerated and the lumina filled with caseous material (Fig 6) On 
cut-section, the lower lobe (site of the original lesion) showed fibrous, patchy infiltration 
and one small cavitj" filled with caseous debris In the upper lobe were soft, conglomerate 




Fig 6 — Case 3 Photomicrograph showing the obstructed 
lumen of left lower lobar bronchus Complete destruction of 
mucosa bj tuberculous ulceration (X200) 

tubercles and several small cavities The cut-surface was diffusely infiltrated with 
whitish-yellow, soft caseous material, obviously more active and of more recent origin 
than the lesions in the lower lobe 


Comment on Pneumonectomy — There is a striking similarity in the 
history of these three patients and in the symptoms they exhibited The 
syndrome is one which we now invariably associate with progressive ulceiative 
bronchial disease and subtotal bronchial obstiuction In Case 3 an excellent 
opportunity was given to obseive the progression from ulcerative tuberculous 
bionchial disease to subtotal fibrous obstruction In this case, unfortunately, 
local treatment for the ulcerative disease was not effective m preventing the 
stenosis In general, oui experience leads us to believe that the chances of 
curing an ulcerative lesion are better with local treatment than if it is not 
employed The clinical appreciation of tuberculous bionchial stenosis with 
its 1 esultant pulmonary atelectasis is a relatively recent development m tuber- 
culosis work This knowledge 111 gieat part has followed the increasing use 
of the bronchoscope in patients with phthisis Eloesser’s^^ contributions in 
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1931 and 1934 weie of great value The piolonged illness of patients with 
this type of pulmonaiy disease is now hettei undei stood We aie able to 
evaluate the vaiied symptoms associated with inteimittent obstruction of secie- 
tions and the pathologic basis fot them In a bioad sense, this type of case, 
which IS not uncommon, lefutes the belief of those Avho feel that pulmonary 
atelectasis is a favorable piognostic sign in tubeiculosis We feel, on the 
contraiy, that most of these patients cannot become entirely and peinianently 
well without surgeiy 

No one who has had the oppoitunity of removing one of these lungs 01 
who has seen them at autopsy can help but be impiessed with the difficulties 
which may follow thoiacoplasty The lungs already are collapsed to the 
maximum degiee In fact, as illustrated in Case 2, thoiacoplasty may be 
followed b}'’ an aggiavation of the patients symptoms, particularly the dis- 
tressing cough The pulmonar}'^ tissue is extensively carnified Areas of 
diffuse pneumonitis aie inteispersed with small abscess cavities or patches of 
bronchiectasis Often this piocess is piedoininately tuberculous m natuie 
As fai as the patient is concerned, however, it makes little difference whether 
or not the tuberculosis is arrested, since nontuberculous suppuration causes 
continued toxicity if there is bionchial obstruction 

Case 4 — T L , Mexican, female, age 31 Referred by Dr Elliott Smart of Bret 
Harte Sanatorium A left lower lobe lobectomy was performed February 25, 1939, bj 
the author In 1934, this patient was admitted to the San Joaquin General Hospital with 
a diagnosis of tuberculous pneumonia of the left lower lobe The sputum contained maiiv 
acid-fast bacilli Pneumothorax was instituted immediately but was discontinued after 
three months because ineffective A permanent phrenic paralysis was produced The 
sputum continued to be positive for acid-fast bacilli A large cavity was consistently 
present in the gutter behind the heart but could be seen clearly onl> bj means of oblique 
or lateral roentgenograms (Fig 7) No tuberculosis w’as seen in the upper lobe An 
excellent pneumoperitoneum w'as maintained for one jear with no appreciable change m 
the size of the cavity (Fig 8) The patient had been treated by various conservative 
means for a period of five y'ears 

Bronchoscopy revealed a slight narrowing of the left lower lobar bronchus Purulent 
secretions came from the left lower lobe Otheryynse the examination was negative 

Iiiciicatwiis fot Lobectomy — This patient’s disease was sharplv limited to the left lower 
lobe The upper lobe was entirely free as far as physical examination and roentgenog- 
raphy could determine The cavity was 45 cm in diameter, old, and thick-walled It 
was deep m the gutter and laj immediately in front of the posterior seventh and eighth 
ribs In our experience, thoracoplasty for this type of lesion has not been effective Local 
rib resection alone has been extremely unsatisfactorj and the end-result in several cases 
has been a total thoracoplasty with the sacrifice of an entirely normal upper lobe Lobec- 
tom>, therefore, appeared to be the most direct approach to the problem 

Opciativc Pt ocedut c and Subsequent Coutsc — ^The pleural cavity was opened through 
a posterior incision in the fifth intercostal space The lower lobe w'as denselj adherent 
and extrapleural separation was necessary in the region of the cavity The hilum was 
developed, a Roberts-Nelson tourniquet applied, and the lobe amputated Air-tight rib 
resection drainage was employed The postoperative convalescence was not remarkable 
A.bout four w'eeks after operation the drainage tube was covered bv the rise of the dia- 
phragm and open intercostal drainage was established more posteriorly for a small hilar 
empvema This later became obliterated The patient expectorates a few cubic centi- 
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meters of mucoid sputum, negative for acid-fast bacilli There is no bronchopleural fistula 
A cure is expected 

Pathologic Examination — The removed lobe was shrunken and congested, but not 
atelectatic Scattered tubercles were present The cavity was s cm m diameter and its 
wall was thickened and fibrosed There was no obvious bronchial disease 



Fig 7 — Case 4 Left anterior oblique pro 
jection The large ca\it\ is easilj seen pos 
teriorh 



Fig 8 — Case 4 Left lateral projection at 
the height of the pneumoperitoneum Transtho 
racic intracaMtarj injection of lipiodol The 
cavitj has not been affected bj the pneumoperi 
toneum 




Fig g — Case 5 Postero 
anterior roentgenogram showing 
large tuberculous ca\itj in right 
lower lobe Soft infiltration 
surrounding the caMtj 


Fig 10 — Case 5 Apparent 
closure of large right lower lobe 
caMty following induction of 
pneumothorax and pneumoperi 
toneum 


Fig 11 — Case s Broncho 
gram in right lateral projection 
There are atelectasis and bronchi 
ectasis of the right lower and 
middle lobes The ca\itj is not 
filled but lies posterior to the 
a isualized bronchiectases 




Case 5 — M A , white, female, age 21 Referred from the Medical Chest Service of 
Dr Harold Trimble at the Fairmont Hospital A right middle and lower lobe lobectomy 
was performed, July 27, 1939, b}" the author This patient first was admitted to the 
Fairmont Hospital with cavernous tuberculosis of the right lower lobe three jears prior 
to lobectomy (Fig 9) Shortlj after admission a pneumothorax was induced The 
sputum remained positive and there was roentgenographic evidence of cavitj After ten 
months, a pneumoperitoneum was induced Following this procedure the cavitj appar- 
ently was closed roentgenographicalh and the sputum promptlj became persistentlj nega- 
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tive for acid-fast bacilli (Fig lo) Eighteen months later the patient developed a cold 
with productive cough and night sweats Roentgenograms showed that the lower and 
middle lobes had become atelectatic and that the cavity had reopened (Fig ii) 

On readmission to the hospital, the patient presented a slight elevation of temperature, 
and was raising large amounts of purulent sputum with considerable difficulty The 
sputum was loaded with tubercle bacilli Bronchoscopy at once revealed the reason for 
the troublesome cough Because of atelectasis there was no air exchange in the middle 
and lower lobes Purulent, tenacious sputum was “puddled” in the lower lobe bronchus 
and filled it to beyond the level of the middle lobar orifice The mucosa was granular and 
superficially ulcerated Curettage specimens showed that the bronchitis was not tuber- 



Fig 12 — Case s Cut section through middle and lower lobes The middle lobe is on the 
left and shows multiple conglomerate tubercles The lower lobe is indurated and atelectatic 
At Its center can be seen a stiff walled cavitj, measuring 4 5 cm in diameter At the time of 
section, the caaitj was completely filled with purulent and caseous material 

culous in origin but undoubted!}^ was due to the irritation of being constantly bathed by 
purulent secretions Following repeated bronchoscopies and the institution of postural 
drainage, cough and sputum diminished and the fever subsided The mucosa became 
relatively normal m appearance The sputum remained persistently positive for tubercle 
bacilli and there was no change in the roentgenologic appearance of the lung 

Indications foi Lobectomy — After a period of quiescence, this patient developed an 
exacerbation of her old infection and atelectasis of tlie right lower and middle lobes 
occurred The large cavity leopened There was no improvement with continuation of 
conservative measures (pneumothorax and pneumoperitoneum) Because of the position 
of the diseased lobes and because of the obvious atelectasis and bronchiectasis, it was 
inconceivable that any type of thoracoplastj would be effective Lobectomj , therefore, 
appeared to be the only solution The pneumothorax was abandoned and the lung was 
expanded with this operation in mind 

OpC) attve Pi ocednrc and Subsequent Cotiise — The pleura was entered through a pos- 
terior incision in the fifth intercostal space There were firm adhesions surrounding the 
shrunken, hard, atelectatic middle and lower lobes There were only a few adhesions 
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over the upper lobe and there was slight collapse of this lobe during the operation The 
middle and lower lobes were amputated following mass ligation of the hilum The 
wound uas closed in layers and air-tight intercostal drainage employed The immediate 
postoperative condition was good Following transfusion on two occasions, however, she 
developed severe reactions, became jaundiced, and secreted smoky urine Death occurred 
one week postoperatively A limited postmortem examination showed the right pleural 
cavity to be dry The upper lobe was almost completely expanded There was a slight 
pleural reaction with early infection There were scattered old tubercles m the upper 
lobe and in the left lung The liver and kidneys were extremely friable, congested, and 
the site of parench3"matous degeneration The kidney tubules were clogged with hemolyzed 
red blood cells There seemed to be little question but that death was directly due to the 
transfusion reactions 

Pathologic Examination — The resected lobes were shrunken and entirely atelectatic 
(Fig 12) There were no obvious tubercles in the main bronchi The middle lobe was 
soft and flattened and measured 8x4x1 5 cm The cut-surface was covered with caseous 
tubercles varying m size from i to 5 Mm The lower lobe was roughly triangular in 
shape and was greatlj indurated It measured 10x6x5 cm On cut-section, the center of 
the lobe was occupied bj" a large irregular cavitj' 4 5 cm in diameter The walls were 
thick and the cavity entirely filled with tenacious, purulent and caseous material 

Alicroscopic examination showed extensive fibrosis, atelectasis, and active caseous 
tuberculosis A few submucosal tubercles were present m the main lobar bronchi but 
these appeared to be of no immediate significance 

Examination of the specimen confirmed our preoperative belief that any type of 
thoracoplasty would have been entirely ineffectual 

Case 6 — P B , white, female, age 29 A one-stage right middle lobe lobectomy was 
performed by Dr John Alexander, July 7, 1939 The tuberculosis was localized to the 
middle lobe which was entirely occupied bj a solid, fibrocalcareous lesion surrounding 
a cavnty It was believed that even a total thoracoplasty, including all the anterior ribs 
and cartilages, might not close the cavity m the cardiohepatic angle This patient’s con- 
valescence was entirely satisfactor}" 

Comment on Lobectomy — Indications foi lobectomy have differed some- 
what from indications foi pneumonectomy In the above cases of lobectomy, 
stenosis of the lobar bronchus was not a factor The position of the cavity, 
however, was important If the lesions encountered had been m an upper lobe, 
thoracoplasty undoubtedly would have been performed The position of these 
cavities in the lower and middle lobes, together with the associated changes in 
the pulmonary tissue, made the effectiveness of thoracoplasty doubtful 

Pulmonary resection carries a greater risk than thoiacoplasty and cannot 
be considered as a substitute for it There are cases, howevei, in which 
thoracoplasty obvuously is not suitable , others m which it has been performed 
without cure Within this restricted group it is apparent that selected cases 
may be found which can be considered for some type of pulmonary resection 
The tuberculosis should be fairly sharply limited to the portion of lung to be 
resected 

Both lobectomy and pneumonectomy may be considered either as primary 
or as secondary proceduies In the latter group are those cases of pulmonary 
resection designed to remove cavity-bearing pulmonary tissue which was not 
collapsed by a technically adequate thoracoplasty Cases of this kind are occa- 
sionally seen We doubt the advisability of removing a lobe in which a cavity 
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has been uncollapsed by a pneumothorax which cannot he completely aban- 
doned, without first obhteiating the interpleuial space by thoi acoplasty 

All cases of planned pulmonaiy resection which are not pieceded by thoia- 
coplasty may be listed as piimaiy piocedures Patients with total atelectasis 
of one lung and advanced fihious stenosis of the stem bionchus occasionally 
sufifei fiom obstiuctive symptoms, such as inteimittent fever and harassing 
cough, which cannot he leheved by bouginage of the stnctuie Pneumonec- 
tomy should be considered foi such patients, zvhctha o; not their tulieiculosis 
IS appaiently aiiested In patients whose bionchial obstiuction is due pri- 
mal ily to extensive ulceiative disease, the wiitei feels that pneumonectomy 
probably should he defeiied until mucosal healing and fibiostenosis have 
oLCUiied As with majoi collapse proceduies it would seem futile to peifonn 
a pneumonectomy nhen faced with piogiessive tiacheobronchial ulceration 
As an indication foi piimaiy lobectomy the location of a laige, isolated cavity 
in a lowei oi middle lobe is of fiist impoitance The decision is stiengthened 
liy the presence of concomitant atelectasis and bionchiectasis, oi by tbe dis- 
coveiy of a stenotic lohai bionchus Obviously, pneumothoiax, phrenic paral- 
ysis, and pneumopei itoneum, oi a combination of these pioceduies, will have 
been ti led pi loi to considei ing lobectomy 

A fuithei indication is illustiated and discussed by Jones and Dolley, 
namely, the occuiience of repeated severe hemorihages fiom a tubeiculous 
cavity They feel m these circumstances that lobectomy is safei than thoia- 
coplast}'^ This view was questioned by Coiyllos,^'* and by Janes The authoi 
has had no expeiience with this possible indication for lobectomy In certain 
patients lobectomy ceitainly should be considei ed. paiticulaily if the hemor- 
ihage occuis in a tension cavity of the check-valve type 

SUMMARY AND CONCLUSIONS 

Six cases of planned pulmonaiy lesection for tubeiculosis have been pre- 
sented These consist of thiee lobectomies (one bilobai ) and thiee pneumo- 
nectomies Two patients died following opeiation, one as the diiect lesult of 
a tiansfusion leaction Two patients aie convalescing and theie is every 
expectation of a cuie Twm aie leading lelatively normal lives Thoiaco- 
plast}'^ had been pei foi med unsuccessfully on one patient In the other five 
patients, pulmonary resection was preferred as the pi unary procedtiie 

We have emphasized that lesection is not a substitute foi thoracoplasty 
Cases occasionally aie encounteied, howevei, in wdnch thoracoplasty seems 
to oflfei the patient little chance of becoming cured We believe that under 
certain cncumstances, lobectomy and pneumonectomy may be indicated in the 
suigery of pulmonaiy tubeiculosis We have presented our piesent concep- 
tion of these indications 

The operative hazaids have been discussed 

The author is indebted to Dr John Alexander, of the Universit\ of Michigan Medical 
School, and to Dr Emile Holman, of the Stanford University School of Medicine, for 
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senior surgeon 
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INJECTIONS OF AIR AND OF CARBON DIOXIDE INTO A 
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FROM THE LABORATORl OF EXPERIMENTAL SURGERl, UNI\Ensm OP TEXAS SCHOOL OF MEDICINE, GAL\ ESTON, TEX 

It has been repeatedly demonstrated that the injection of air into a systemic 
vein leads to embolism of the smaller vessels in the lung and that such em- 
bolism is not apt to be harmful unless an extremely large volume of air is 
injected When air is permitted to entei a pulmonary vein, on the contrary, 
relatively small amounts may cause death, since the air passes directly through 
the left heart to the systemic arteiies In this respect, the likelihood of 
cerebral oi medullary embolism has received particular attention Some 
chance observations in the laboratory, howevei , suggested to us that coronarj^ 
embolism is the chief danger Consequently, m a senes of animals, we have 
injected air into a pulmonaiy vein m ordei to study the mannei of death 
Furthermore, as a companion study, we have compared the effects of air with 
those of carbon dioxide, with the possibility in mind that the latter gas might 
be relatively haimless in view of its solubility and of its propeity of entering 
into chemical combination m the blood 

Method — The expeiiments were performed upon cats of varying size and 
age anesthetized by the mtiaperitoneal injection of sodium amytal Arti- 
ficial respiration was maintained through a tracheal cannula The right and 
left fifth ribs were removed, the sternum was cut acioss, and the pericardium 
opened widely, so that the heart and lungs were clearly in view thioughout the 
experiment The air or other gas was injected directly into a pulmonary vein 
by means of an ordinary syringe and needle, a coating of oil preventing any 
escape of air about the plunger of the syringe The speed of injection was 
limited only by the caliber of the needle, the injection requiring from one to 
SIX seconds depending upon the volume of air injected Although most of 
the injections were made by way of the left superioi vein, each of the other 
pulmonary veins was utilized at times without apparent variation m the 
result 

Cause of Death — In each of 30 animals death was finally caused by in- 
jecting air into a pulmonary vein In every instance it appeared that the death 
resulted from obstruction of the coionary arteries After the air was in- 
jected into the vein, within a second or two one saw air bubbles descending 
the coronary arterial branches on the surface of the heart % When the dose 

* Submitted for publication July 5, 1939 

t Recipient of the Dr J B Kass, Research Scholarship in Preventive Medicine 

$ The uppermost part of the left auricle, 1 e , the auricular appendage, often served 
as an air-trap After injection of a small dose of air it was sometimes necessary to express 
the air from this site before it would pass into the left ventricle and make its appearance 
in the coronary arteries 
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was small, only a few tiny vessels near the apex became obstructed , they re- 
mained readily visible as branching white lines until solution or absorption of 
the an This lequired from 5 to 20 minutes depending upon the amount of 
air which had lodged When only a few such bi anches v ere obstructed, there 
was no visible distuibance of the beat or of the function of the heart 

With larger doses the an filled both coronaiy arteiial trees, even including 
the mam stems ^ There it remained At times a segment of blood interposed 
in the column of air would be seen to oscillate slightly with the beat of the 
heart, but theie was never any progiession of tbe column to suggest an escape 
thiough the capillaries This complete ohstruction of the coronary arteiies led 
to a lapid ischemic failure of the ventricles They became pale and dilated 
within two 01 three minutes Various degiees of block were followed by 
ventnculai fibrillation and death with the heart in extreme dilatation This 
requiied five 01 six minutes after the injection By this time the wink reflex 
was lost The animal made violent agonal respiratoiy movements A minute 
or so later the pupils had become extremely dilated and the animal appeared 
dead although the auiicles maintained a regular beat for some minutes 
longer 

The manner of death, 1 e , the behavior of the heart, the appeal ance of the 
animal, and the time elements which pertained, were the same as when both 
coronary arteries are ligated (Moore and Greenbeig,'^ 1937 > Dennis and 
Moore,^ 1938) This fact, togethei with the absence of convulsions and the 
occurrence of spontaneous agonal respiratory movements, led to the con- 
clusion that death resulted primarily from coronary obstruction and not from 
embolism of medullary or cerebral vessels The terminal cerebral asphyxia 
evidenced by the loss of reflexes, the dilatation of the pupils, and the agonal 
respirations was secondary to the failure of the heart 

In 29 of the 30 animals, death followed this cardiac pattern Theie 
was no convulsion In two of the animals, it was noted that the wink reflex 
^\as lost in one eye a minute sooner than m the othei , however, in these 

* In two animals injections of moderate doses of air repeatedly filled the right coronary 
arter}-^ while causing no embolism of the left arter}'^ In two other animals the tendency 
was for the anterior descending branch of the left artery to become filled while the 
circumflex branch of the left arter}' and the right arterial tree received no air In j^oung 
animals with good arterial anastomoses the preservation of two of these three mam 
arterial channels to the myocardium permitted the animal to survive In spite of irreg- 
ularities of rhythm and periods of partial dilatation of one ventricle the heart maintained 
Its function The disappearance of the air from the one vessel it filled required about 20 
minutes In the case of the right arterj the air remained visible longest in a circular area 
about I cm in diameter situated on the anterior surface of the heart just to the right of 
the interventricular sulcus and about one-third waj' up from the inferior cardiac border 
In the case of the anterior descending arter3' the air tended to remain longest m a similar 
area on the right inferior aspect of the cardiac apex just to the left of the anastomotic con- 
nection between this vessel and the posterior descending ramus of the right coronary arterj 
Such areas were visible not onh because the airfilled vessels appeared as branching 
white lines but also because the mjocardium was dr\% pale and gray in contrast to the 
moist, red appearance of the adjacent heart muscle 
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animals theie occuned spontaneous lespiiatoiy movements aftei the heait had 
ceased all cooulmate activity, indicating that until that time the medullary 
centeis weie not paralyzed Consequently, we are skeptical of the dangers of 
ceiebial embolism while the hoiizontal position is maintained 

That the passage of an to the coionaiy arteiies was independent of the 
animal’s position was shown by Expei 27, the one instance in which a con- 
vulsion did occui In this experiment a sublethal dose of air was lepeated — 
fiist with the animal boaid tilted to 30° head-down, then with the board tilted 
30° head-up, and, finally, with the board horizontal In the thiee positions 
theie occuned appaiently identical amounts of coionaiy embolism, the air 
lequiimg m each instance about 15 minutes foi absorption Next the animal 
was given a lethal dose of an with the board horizontal, and, as it was dying 
with the ventiicles fibiillating, convulsions occuned in the hind legs We sup- 
pose these convulsions signified cerebral embolism although they occuned 34 
minutes aftei the injection made with the head elevated In three of the 
othei expenments, injections weie made with the animal boaid inverted so that 
the animal was suspended in a c[uadrupedal walking position Death occuned 
fiom coronal y obstiuction just as when the animal was lying upon its back 
We do not infer that regardless of position all air injected by way of a 
pulmonaiy vein passes into the coronal y arteiies, but rather that, being the 
fiist aoitic blanches, the coronal les leceive a consideiable pioportion of the 
air In eveiy animal we studied the coionaiy embolism of itself caused death, 
leading as it did to ventiiculai fibi illation 

Fatal Dose of Au — Oidmaiily, injections of volumes up to cc per 
pound body weight weie tolerated without sufficient distuibance of the heait 
to haim the animal This dose would amount to 37 5 cc of air into a pulmo- 
naiy vein of a man of 150 lbs * Doses exceeding cc pei lb veie apt to 
be fatal and closes exceeding yi cc pei lb wei e 1 egularly fatal 

Effects of Caihon Dioxide — In a numbei of animals we injected puie 
carbon dioxide into a pulmonaiy vein f It appeared to be haimless We made 
lepeated injections, some as laige as 3 o cc pei lb body weight, a quantity 

^ In SIX cats, we determined tlie ratio of heart weight to body weight The figure 
langed from 031 per cent to 055 per cent with an arithmetical average of 039 per cent 
Smith® (1928) found that m man the normal heart averaged 043 per cent of body weight 
in the male and o 40 per cent in the female 

7 Samples weie taken from a number of tanks of commercial carbon dioxide pur- 
poiting to be pure In every instance chemical analvsis proved air to be present and 
injection of such a sample into a pulmonary vein resulted in coronary embolism in pro- 
portion to the amount of air in the mixture Thereafter, we generated our own carbon 
dioxide by pouring concentrated hydrochloric acid over marble chips in a small glass 
flask After the first violent bubbling had ceased the flask was closed with a one-hole 
rubber stopper carrying a glass tube This tube was fitted with a rubber connection of 
a size to fit the nozzle of a Luer sjringe After a few minutes to permit all air to be 
displaced from the flask and tubing, the sjringe e\as attached and the carbon dioxide 
allowed to flow into it by virtue of its own pressure, the plunger of the sjringe being sealed 
with oil With these precautions it w’as possible to obtain carbon dioxide practicallj' 
free of air 
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coriesponding to 450 cc foi a 150 lb man In one animal we injected a dose 
of 2 o cc pel lb body weight thiee times 111 four minutes for a total dose 
of 6 o cc per lb No lasting embolism lesulted Thirty minutes latei the 
same animal suffeied the typical coionary embolism death fiom an injection 
of one-sixth this volume of air 

During the injection of the carbon dioxide theie was a loud “slap-slap- 
slap” sound — the “mill-v heel” inuimui The gas was seen to fill both 
coronal y tiees within a few seconds but m 15 to 20 seconds it was entiiely le- 
placed with blood Even the tiemendous doses employed caused too short 
a period of coronal y obstiuction to distuib the heart’s ihythm Although 
iinmediatel}' aftei the injection the vessels weie filled, within a few seconds a 
column of blood could be seen advancing down each aiteiy With eveiy 
systole of the heart this column of blood advanced seveial milhmeteis In 
eight 01 ten beats of the heart only a little of the gas remained visible This 
lemainder vanished in another few seconds except in instances when the gas 
uas contaminated with an, in which cases a vaiying number of the smallei 
arterial branches remained visildy obstiucted foi some minutes 

Dtscusswn — In considering the dangeis attending the entiance of air into 
the circulation one must distinguish between the systemic and the jDulmonaiy 
veins The feai that the accidental entiance of an into a systemic vein may 
result in sudden death has been dispelled to a gieat degiee by the lepeated 
demonsti ation that laige volumes of an can be injected into the veins of 
animals vithout fatal lesults In the dog fiom 3 5 cc (Harkins and Hannon,* 
1934) to 7 o cc (Wolffe and Robertson,** 1935) per lb body weight is le- 
quiied to kill when given into the femoial vein in a single injection Richaid- 
son. Coles and HalF (1937) tiied a method of continuous injection at a slow 
late and m one dog injected 3,910 cc over 87 houis’ tune befoie death oc- 
curied Similar expei imental lesults can be found as fai back in the medical 
liteiature as one cares to go In 1889, m a demonsti ation befoie the Phil- 
adelphia County Medical Society, Dr H A Haie injected 60 cc of an into 
the jugulai vein of a 12-pound dog without haimful effect In desciibing his 
expel iinents, Haie* wiote “Magendie states that he has tin own, vith all the 
foice and celerity of which he was capable, 40 01 50 joints of an into the veins 
of a veiy old hoise vithout his d}ing immediately, and Coimack (1837) blew 
the contents of his chest, twice filled, into the jugulai vein of a hoise befoie 
the animal exhibited any signs of uneasiness Baithelmy has also found that 
m SIX hoises, weakened greatly liy the withdiawal of blood, as much as foui 
to SIX hteis of ail must be introduced inti avenously to cause death, and esti- 
mates, in consequence, that a man weighing 136 lbs would be killed onl} b} 
two-thuds of a litei ” Haie concluded that “enoimous amounts of air must 
entei a vein to cause death,” and that “no such quantity can possibly find its 
vay into a vein which has been injuied with the knife of the surgeon ’ 

Ntimeious studies have shown that air which entei s a systemic vein is 
churned uith the blood in the light ventricle to foim a fioth Because of its 
compiessibility this fioth intei feies to some extent with the expulsion of blood 
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from the ventricle This phase, which is accompanied by a loud murmur, lasts 
but a few moments The froth is ejected into the pulmonary artery and the 
bubbles of air lodge m the smaller vessels of the lung Nitrogen is so 
sparingly soluble that the vessels remain obstructed for many minutes Al- 
though massive doses of air may cause death in this manner, the pulmonary 
vasculai bed is so capacious that large amounts are tolerated without sufficiently 
widespread obstruction to bung the lesser circulation to a stop Furthermore, 
the pulmonary vessels are such an effective baiiier that ordinarily none of the 
bubbles reach the left heart to lodge as emboli m the coronary or cerebral cir- 
culations 

In the case of a pulmonary vein, however, there is no capillary barrier to 
pi event the air reaching the left heart As a result, small quantities, by lodg- 
ing in certain medullary or coionarj^ A'essels, may cause cessation of respira- 
tion or failuie of the heart Van Allen, Hrdma and Clark*’ (1929) found 
that the dog’s maximum tolerance for air injected into a pulmonary vein was 
only I 5 cc per Kg body weight, whereas one dog survived an injection into 
the jugular vein of 76 cc per Kg In the experiments we have reported, the 
maximum by way of a pulmonary vein for the cat was i i cc per Kg Van 
Allen, Hrdma and Clark stiessed the principle of "air buoyancy" Because 
of the gravity factoi the air tends to pass to the uppermost vessels These 
workers found that with the animal in the dorsal, recumbent, hoiizontal 
posture the arch of the aorta is high and serves as a trap, as a result of which 
much of the air passes out the great arch blanches to the head, neck, and 
upper extremities With the head down little of the air passes to the fore 
pait of the body but the coronaiy vessels are heavily involved 

In our experiments with cats little evidence of harmful cerebral em- 
bolism was encountered On the contrary, regardless of the position of 
the animal, a fatal coronary embolism was the rule Considering the position 
and configuration of the aortic sinuses it would be our judgment that the 
ventral recumbent position with the head down might result in the air passing 
by the coronary orifices without entering them Except 111 occasional opera- 
tions, howevei, this position would be impracticable Moreover, in vieu of 
our expel iments, we feel that there is little hope of lessening the dangers of 
air embolism by placing the patient in any special position 

To compare oxygen embolism with air embolism, Harkins and Harmon^ 
(1934) calculated from the oxygen-unsaturation of venous blood that the 
minimum fatal dose of oxygen would be approximately 10 per cent greater 
than the minimum fatal dose of air In a few animals in which we injected 
oxygen taken from commercial tanks which were labelled “pure," the gas ap- 
peared to produce just as lasting embolism as did air 

In this respect, the contrast between carbon dioxide and either air or 
oxygen was striking Pure carbonic acid gas would not produce a lasting em- 
bolus In explaining this difference one should bear in mind that carbon 
dioxide IS an extremely soluble and highlj'- reactive substance We suppose 
that its solubility and its capacity as a weak acid to unite with the alkaline blood 
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buffers are the chief factors accounting for the lapid disappearance of gaseous 
carbon dioxide from the vessels We do not believe that the gas escaped 
through the capillaries into the venules, for we never saw bubbles ascending 
the coionary veins Furthermore, if one ^^atched large bubbles of carbon 
dioxide gas m the middle of a column of blood, he saw them suddenly vanish 
as though they had dissolved m the blood 

The finding that pure carbon dioxide gas does not pioduce stable emboli 
when it IS mtioduced into a vein, suggests seveial practical applications It 
might well be substituted for air to provide the desiied degree of collapse 
during closed mtiapleural operations such as, for example, the endoscopic 
severing of pleural adhesions While its absoiption would probably be too 
rapid for use m therapeutic pneumothoi ax, it should be a very safe substance 
foi the exploratory initial fill m a patient in whom pneumothorax is desired 
Although the fact that carbon dioxide is much heavier than air suggests that 
it could be used m open thoracotomy, any admixture of the gas with air would 
lessen the protection from embolism The authois have injected large amounts 
of carbon dioxide into the pleural cavit}'- of the cat and know that the gas has 
been used without harm for pneumoperitoneum Howevei, since we have 
not injected it into the pleural cavity of man, we can make no recommendations 
in this regard other than to emphasize the necessity for the caibon dioxide 
to be pure if an effects are to be avoided 

We have been able to find only one previous report of the injection 
of carbon dioxide into veins In 1924, Colle’- reported that it pioduced em- 
bolism just as did air We suspect that he was led astiay through the use of 
ordinary commercial carbon dioxide, which, as we have noted, is often heavily 
contaminated with air 

In conclusion, it might be stated that the embolic effect of air requiies an 
explanation If blood passes thiough the smaller vessels, why cannot air^ 
Apparently the lodging of air m the vessels centers about the fact that the 
air IS present in bubbles having a lesistant liquid film Wilson and Ries^® 
(1923) showed that with ceitam colloidal solutions the surface films of the 
foam behave as gel-like plastic solids rather than viscous liquids As a result 
the superficial viscosity ma}^ be more than 1,000 times that of vater Such 
bubbles are extremely resistant to lupture Similarly, Langmuir^ (1938) has 
emphasized the viscosit)^ and elasticity of certain piotem films on watei and 
believes that m such films the protein molecules actually undergo a form of 
“denaturation” to foim a homogenous, continuous structure It is our sup- 
position that m air embolism the films of blood about the air bubbles have 
assumed to some degree this same rubber-like quality 

SUMMARY 

A considerable pioportion of the an injected into a pulmonary vein of the 
cat lodged as emboli 111 the coionary arteries This occurred regardless of the 
animal’s position In 30 consecutive experiments, the injection of a volume 
of an equalling or exceeding o 5 cc per lb body weight caused a typical 
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coronal y death In only a few cases was theie accompanying evidence of 
cerebial oi medullary distuibance 

Upon injecting pine caibon dioxide into a pulmonaiy vein it was found 
that this gas would not pioduce a stable coionaiy embolus Altbough an in- 
jection of 2 cc per lb body weight filled the coionaiy vessels, the gas was 
entirely taken up by the blood in 15 to 20 seconds and the heait was not 
visibly affected 

The appeal ance and behavioi of the heait following injections of an and 
of caibon dioxide aic desciibed and the mechanism of an embolism is dis- 
cussed In lelation to the absence of haimful effects fiom the intiavenous 
injection of caibon dioxide ceitain jnactical aj^jdiCcitions aie suggested 
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CONSERVATIVE ELECTROSURGICAL EXCISION OF 
SUBESOPHAGEAL, CHRONIC PENETRATING OR 
ACUTELY PERFORATED GASTRIC ULCER 

REPORT OF AN UNUSUAL CASE THUS TREATED — WITH GOOD END-RESULTS 

Reginald H Jackson, M D 

M\dison% Wis 

FROM Tlir JVCKSON CLIMC, MVOrsOV « IS 

Chronic, induiated, penetiatnig or acutely peifoiated gastiic ulceis, situ- 
ated in the subesophageal ai ea of the stomach, pi esent, fi om the standpoint of 
feasilile suigical attack, difficult and hazardous pioblems Access to the lesion 
may be so difficult and impiactical as to pieclude the possibility of a paitial 
gastiectomy Total oi subtotal gastiectomy m compaiatively young patients 
IS lepugnant except foi a malignant neoplasm Gastro-entei ostomy alone 
offers little, the beneficial lepaiative changes anticipated m the ulcei, thiough 
diamage and chemical change, possibly being nullified, as suggested by Dean- 
sely,“ b}^ too gieat a distance from the lesion Attempt at direct excision, oi 
cauteiy destiuction of the ulcer m addition to the peifoimance of a gastro- 
entei ostomy may, m a subesophageal lesion, be fi aught with gieat hazard 

In 1936, Wells,’- of Liveipool, lepoited foui cases of chionic subesopha- 
geal gastiic ulceis which he had treated, with most gratifying lesults, by per- 
foiming an antecohc Polya-Moynihan paitial gastiectomy, the line of gastiic 
section being made below the level of the ulcei, so that the ulcei was left in the 
lemaining poition of the stomach 

Deansely,- of Wolverhampton, independently devised the same method of 
dealing wath these cases and repoited favorably on foui Walker,^ m leport- 
ing on SIX additional cases operated upon by this method, states “Of these 
ten cases [his own and those of Deansely], nine have been tiaced and eight 
can be regaided as cured, they are leading normal active lives, having no 
symptoms except a little feeling of fulness aftei meals ” Pauchet and Luquef* 
stiongly advocate the so-called “gioove resection” for ulcers 111 the upper thud 
of the stomach Wheie the ulcei is not too laige and lies m an accessible posi- 
tion on the lesser cui vature, this proceduie wmuld seem the preferable method, 
as it lemoves the ulcei in toto Where a veiy laige indurated gastiic ulcer 
lies 111 a diiect subesophageal position, as was found m one of our cases, or 
where an acute perfoiation piesents, as ivas tiue in another, this pioceduie 
ivould not be feasible Jej unostomy ivith physiologic rest of the gastric func- 
tion may 01 may not lesult in cuie In the event of failuie, the economic and 
time loss IS vei}^ disappointing to the patient 

Tiansgastiic appioach, ivith actual cauteiy tieatment of the ulcer and 
sutuie fiom within, may temporal ily be satisfactory, but is pi one to be fol- 

Subniitted foi publication, February 27, 1939 
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lowed latei by lecurrence of symptoms and i eidentification of the ulcer ciater 
on I oentgenologic study The location and size of the ulcer in the case we 
are i epoi ting was unique m our experience, and the technical procedure em- 
ployed was one which, at the time, seemed to offer little promise of being more 
than temporarily beneficial The unexpectedly smooth convalescence and sub- 
sequent fieedom from all previous symptoms meiit a report and a descrip- 
tion of the technical proceduie followed In oui opinion and experience, it 



Fig I — Roentgenogram, September 8, I937» showing large, 

subesophageal gastric ulcer 

offers “another way out” — a comparatively safe and easy one — for the sur- 
geon confronted with a situation where a “gutter resection” is impracticable 
and a Wells paitial gastrectomy, leaving the ulcer in the gastric lemnant, 
would be a formidable and hazardous procedure 

Case Report — Clinic No 80500 T W, white, male, age 41, mariied, truck dnvei , 
admitted September 7, 1937 Chief Complaint Stomach trouble 

Previous Histoiy — Appendicectomj' elsewhere, in 1923 For past seven jears has 
had periodic “stomach upsets’’, burning epigastric distress with belching, especially when 
stomach was empty, sometimes relieved by food and soda 

Present Illness — For past three months these s3'mptoms have persisted incessantly 
Very often the taking of food seems to “set the stomach on fire ’’ The epigastric pain 
has steadily increased in severity There had been no improvement under a rigid ulcer 
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dietetic and medicinal regimen The patient had lost 25 pounds during the past four 
months 

Physical Evaminatwn — Rather frail, sickly looking man with typical stomachic 
facies Head, throat, chest and extremities negative Blood pressure 105/65 Tender- 
ness was elicited on deep pressure high in epigastrium, otherwise negative 

Laboiatoiy Data — Blood hemoglobin 80 per cent, red blood count 4,450,000, leu- 
kocytes 9,500, Wassermann negative Gastric analysis Total acid, in three-quarters of 



L 

Fig 2 — A large, indurated, subesopliageal gastric ulcer All organs 
except stomach were normal The stomach was entirelj free from abnormal 
attachments, even over the area where the lesion was situated A malignant 
lesion on an ulcer base was suspected 


an hour, 90, in one hour, 84, m one and one-quarter hours, 74, free hydrochloric acid, 
in three-quarters of an hour, 64, m one hour, 58, and m one and one-quarter hours, 48 
Roentgenologic Examination — September 8, 1937 “There is a large gastric ulcer 
m the upper part of the upper third of the lesser curvature of the stomach ” November 
1937 “The ulcer in the upper area of the lesser curvature previously described is 
confirmed and is more conspicuous than at the previous observation” (Fig i) 

Staff Consultation — May be large gastric ulcer or, judging from size of crater defect, 
a malignant neoplasm Exploratory celiotomy advised 

Pi copeiative Diagnosis — Gastric ulcer or neoplasm Postopci ativc Diagnosis Large 
penetrating subesopliageal gastric ulcer 
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O Relation —November i6, 1937 Under spinal pontocaine anesthesia, the abdomen vas 
opened tlirough a long, left paiameclian, epigastric incision Opeiattve Pathology All 
organs except stomach n-ere normal The stomach was entirely free from abnormal 
attachments, even over the area where the lesion was situated On first palpating the 
cardiac end, a large neoplasm was suspected The lumpy induration vas decidedh 



Plate I — (A) Trunsgastric approach With a gooseneck Cameron light the lower end of nicer 
was inspected When the stomach was quiescent the ulcer assumed an o\al shape 6 cm 
3 cm wide, when a peristaltic wa\e occurred it changed to n sUt like form, the contracting edges firnil> 
grasping the palpating finger 

(B) With the radio loop instrument, thick shaaings of crater edges were remoied for niicro<^copic 
examination No suspicion of carcinoma was found 

(C) The base of the ulcer was sterilized with the hall pointed instrument (coagulating cm rent) 

(D) Hea\> interrupted 30 day chromic gut sutures were placed, needles passing through scro«a 
and muscular lajers 

(E) Appearance after all interrupted chromic gut sutures had been placed 

humped'Up directlj below the esophageal entrance and extended dow'ii the lesser cur%a- 
ture for several inches, being decidedly thicker on the posterior gastric w'all than on the 
anterior (Fig 2) A “gutter resection” w-as not feasible The wide extent of the massne 
induration excited the suspicion that a malignant degeneration had occurred m a chronic 
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ulcer base If so, a total gastiectomy would be futile It w'as deemed advisable to ascer- 
tain the underlying pathology bj direct intragastnc inspection and biopsj 

Tiaitsgastiic Appioach — Several heavy silk traction sutures w^ere placed high on the 
anterior gastric wall and a four-inch oblique incision made (Plate I A) 

The stomach, aside from the lesion, w'as completely flaccid and emptj, continuous 
gastric suction haMng been maintained for the preceding 12 hours With ribbon retrac- 
tors holding the edges of the gastric w'all far apart, it was possible, with a gooseneck 
Cameron light, to inspect the low^er end of the crater When the stomach w'as quiescent. 
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Fig 3 — Roentgenoijrim of stomach one \ear and two months 
after operation Tlie site of the former ulcer defect is smooth 



the crater assumed a longitudinal oval shape, 6 cm long and 3 cm wnde , w'hen a peii- 
staltic w'ave occurred, this changed to a slit-like form, the edges approximating each other 
A finger inserted into the crater w^as firmly held bt the contracting edges The crater, 
throughout its entire length, had penetrated through the musculature of the gastric w'all 
Counter palpation with a finger of the other hand over the crater area revealed a well- 
formed, thick, plastic base protection 

A heavy silk traction suture w^as applied to tne inside of the posterior gastric wall just 
proximal to the low'er end of the crater This helped materiallj in draw'ing down the 
crater 

With the wnre loop electrode of the electrosurgical instrument se\eral i cm thick 
shaMiigs were remo\ed from the crater edges and examined (Plate i B) Thev showed 
onU chronic inflammatory changes with no suspicion of carcinoma Both edges of the 
ciater were repeated!} beieled dowm with the loop, using alternate!} the cutting and coagu- 
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lating currents until definite muscular tissues were exposed from end to end, and prac- 
tically normal gastric mucosa fringed the edges This assured removal of the ulcer except 
for Its base There was no appreciable hemorrhage from the “looping excision,” small 
bleeding points being directly controlled with the coagulating current 

A ball-pointed electrode was then applied thoroughly over the base of the crater 
(coagulating current) to sterilize it (Plate I C) 

The two edges were then approximated by 30 day No 2 chromic catgut interrupted 
sutures, inserted i cm from the edges and passing through the entire gastric wall but not 
penetrating the plastic base (Plate ID) The proximal sutures, after tying, were left 
long and served most efficiently as tractors in placing the next higher-up suture Step b\ 
step the denuded stomach wall edges were thus approximated The extreme upper end was 
quite difficult but was satisfactorily accomplished (Plate I E) Every few moments a gush 
of esophageal mucus flooded the upper end of the area An examining finger detected the 
esophageal opening at 3 cm above the highest suture 

After closing the gastric exploratory incision, a posterior gastro-enterostomy was 
performed 

Convalescence was uneventful Continuous gastric suction was maintained for ten 
days The patient was entirely free from his former symptoms immediatelj following the 
operation and has remained so up to the present time, January, 1939 The wound healed b3 
primary intention 

Roentgenologic Repot t — January 12, 1938 No defect is seen in the stomach other than 
a gastro-enterostomy The site of the former ulcer defect is smooth (Fig 3) 
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Tuberculosis of the stomach, whether encountered as an isolated lesion, 
or as pait of an active tuberculous process, is a very rare condition clinically 
or in necropsy material It is remarkable to note the relative infrequency of 
gastric tuberculosis in view of the high incidence of pulmonary tuberculosis, 
especially when the cases show a deficient acidity and gastric secretion One 
would think that the tubercle bacilli should find an ideal medium m the stomach 
since the latter is devoid of the usual bactenologic protection supplied by the 
normal secretion of the gastric mucosa and thus rendering the oigan moie 
susceptible to the tuberculous infection Since tubeiculosis of the stomach 
IS one of the rarest manifestations of tuberculosis in the body, it is possible 
that the stomach has some peculiar natuial immunity to the tubercle bacilli, 
a protection lacking altogether m the intestinal tract 

Because of the rarity of tuberculosis isolated to the stomach, it is doubt- 
ful whether it has ever been diagnosed clinically before operation Even 
during the opeiation, the diagnosis is usually not suspected 

As to the incidence of the disease Brodeis,^ in 1917, found 49 authentic 
cases and 118 probable cases of stomach tubeiculosis repoited 111 the litera- 
ture In 1931, Good^ leported three cases of stomach tuberculosis m a 
series of 7,416 consecutive gastric operations perfoimed at The Mayo Clinic 
Since his repoit, three additional cases have been reported by the Clinic The 
same author, in a total of 71,871 necropsies, found that 141 cases, or about 
02 per cent, had tuberculosis of the stomach, while necropsies of 15,165 
tuberculous subjects yielded 80 cases, or o 52 per cent 

From 1929 to 1938 (inclusive), theie were 11,480 consecutive autopsies 
performed at the Cook County Hospital During this peiiod, there were 
288 cases of pulmonary tuberculosis and in 242 additional cases pulmonary 
tuberculosis was found as an incidental finding, the patients dying of some 
other unrelated cause In the former group of cases, there was one instance 
of tuberculosis of the stomach encountered, an incidence of o 35 per cent 
There w^as also a third gioup of 24 cases in which a generalized tuberculous 
adenopathy w'as the primary cause of death In this group, one case of tubei- 
culosis of the stomach was present Thus, in 554 cases of tuberculosis com- 
ing to autopsy, the stomach w^as involved in /zoo cases, w^hile during the same 

Submitted for publication May 8, 1939 
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period of time only one case was encountered in 75,000 surgical specimens 

One may distinguish, pathologically, two types of tuberculosis of the 
stomach (a) Miliary tuberculosis, whereby the stomach contains single 
caseous tubeicles located in the subinucosa, or on the serosa, and is a part 
of the stage of generalization , and (b) ulcerative tuberculosis which is char- 
acteiized by numerous shallow, 11 regularly shaped ulcers with overhanging 
raaigms and grayish-yellow bases, that rarely penetrate the muscular layer, 
and which may eventually cause scarring and shrinking of the stomach, 
simulating syphilis 01 caicinoma The ulcer type is the predominating lesion,' 
being present 111 80 per cent of the cases of gastric tuberculosis reported 

The sources of infection are thought to be (a) by direct invasion of the 
mucosa, (b) by bloodstream, (c) by the lymphatics, or (d) by direct 
extension 

Two of our cases were of the ulcerative type, and only m one was the 
tubeiculous process isolated to the stomach, producing clinical manifestations 
Tubeiculosis of the stomach is usuall)' an incidental finding and may or may 
not produce clinical symptoms In our series of four cases, only one was 
associated with clinical manifestations and it is this case that we are reporting 
in detail 

Case Report — L B , male, colored, age 34, was admitted to a medical ward, March 
4, 1936, with the entrance diagnosis of carcinoma of the stomach He stated that he 
had been in very good health up to six months ago when he began to notice epigastric 
distress that came on during, or shortly after, eating This pain was dull and aching m 
character and radiated to the back, usuallj' lasting about one and one-half hours, and was 
not relieved by alkalies, food intake or bowel movement All types of food brought on 
the attack He was freed completely of pain and distress only if he took no food If 
pain was present it would be aggravated by walking or moving around and was not as- 
sociated with nausea or vomiting The pain had lately become more intense, lasting 
longer after each meal, so that patient had recently resorted to starvation He had lost 
20 pounds in six months, from 140 pounds to 120 pounds 

His past history was essentially negative He had had no surgical operations 
Other than the usual childhood diseases his past health had been good He had had 
gonorrhea twice, the last attack occurring five months before, which had lasted two months 
A chancre was noted two and one-half years before and it was treated with numerous “shots” 
m the hips and arms Although he suffered from constipation and had to resort to laxa- 
tives he had never noticed blood or mucus m his stools He had been married twice 
He had divorced his first wife, who was living and well, and who had been pregnant 
twice , the first pregnancy was terminated by an induced abortion The second lived to 
the age of four and one-half years Death of this child was due to miliary tuberculosis 
His second wife, living and well, had had no pregnancies His family history was es- 
sentially negative 

Physical Evamination — Temperature, 97 4° F, pulse rate 60, respirations 18 Blood 
pressure 96/58 He was well developed but undernourished The pupds were egual and 
reacted sluggishly to light The clavicular fossae were prominent The examination of 
the lungs and heart was apparent!} negative The abdomen was scaphoid in the region 
of the epigastrium A small, firm mass the size of a tangerine was palpated just to the 
right of the midline in the epigastric region The liver, kidneys and spleen uere not 
palpable 

Labo, atoi v Data — W B C , 6,850 , R B C , 4,34o,ooo , Hg , 80 per cent Urine exam- 
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ination was negative Roentgenologic examination of the stomach and duodenum showed 
an “annular filling defect in the pars p}donca with absence of rugae throughout the 
entire stomach, very suggestive of carcinoma” (Fig i) An Ewald test meal revealed 
a total acidity of nine units (Topfer’s method), no free hydrochloric acid, and a total 
gastric content of 140 cc No blood was noted in the stomach contents or feces A blood 
Wassermann test was negative 

The case was transferred to surgery as a case of carcinoma of the stomach, vith 
syphilis to be considered 

Opejahon — March ii, 1936 Through an upper midline incision, the stomach and 
duodenum were exposed and a mass was found involving the pylorus and distal one-third 
of the stomach The mass was moderately hard in consistency The pyloric ring was 



Fig I — Roentgenogram showing involve Fig 2 — Roentgenogram of the chest, taken 

went of the pjlonc end of the stomach, with se\en and one half months after partial rescc 

eaidence of obstruction tion of stomach, showing se\eral calcified shad 

ows in the left apex 

markedly stenosed The lymph nodes along the lesser and greater curvatures were en- 
larged and prominent Several were removed from the lesser curvature In view of 
the extensive involvement of the pylorus and prepyloric region and the extent of obstruc- 
tion present, a gastric resection with a posterior Polj^a anastomosis vas performed 

The patient made an uneventful recovery except for a slight reaction following a 
blood transfusion of citrated blood given on the fourth postoperative day He left the 
hospital on the seventeenth postoperative day, being asked to return m two to three 
weeks for further study, but he failed to do so and we were unable to trace him for 
seven months, w'hen he returned to the hospital because of an injury to his back received 
by falling from the second floor while w^ashing wundow'S The patient stated that he had 
gained 17 pounds in w'eight and was feeling quite w^ell He had to eat four to fi\e times 
daily and could eat only a limited amount of food at one time 

A roentgenogram of the chest taken October 23, 1936, se\en months after the opera- 
tion (Fig 2) w'as negatue except for a few' small areas of calcification in the left apex 
A roentgenogram of the stomach (Fig 3) re\ealed a well-functioning stomach The 
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patient again left the hospital feeling quite well and when last seen, in December of 
1938, was still gaming in weight and working at odd jobs 

Pathologic Examinatton —Gi oss The tissue received was a portion of a stomach 
including the pylorus, and measured 13 cm in length and 10 5 cm in circumference The 
wall in the region of the pylorus measuied up to 12 Mm in thickness The mucosa was 
deeply injected and the folds uere flattened Near the pylorus the mucosa presented a 
rugscd, irregular defect (45 by 15 cm ) and involved most of the circumference The 
ulcer was shallow and the floor was smooth and discolored purphsh-tan Nearby was a 
second smaller defect in the mucosa, star-shaped in appearance, which measured 3 5 by 
I cm The remaining mucosa of the stomach was smooth and light pin plish-graj The 



Tig ^ — Roentgenogram of the stomach, seven and one Inlf months after 
partnl resection, revealing a well functioning stomi 

perigastric Ijmph nodes were enlarged, firm and measured up to 15 Mm in diameter 
Mictoscopic — Sections taken from the stomach revealed the ulcers to extend down 
into the submucosa The floor was formed by a fibrinoid necrotic tissue which rested 
upon a very cellular and vascular granulation tissue The granulation tissue consisted 
of numerous voung capillaries, swollen fibrocytes, large mononuclear cells, round cells and 
scattered polymorphonuclear leukocytes The underlying submucosa was markedh 
thickened, fibrosed and infiltrated by accumulations of Ijmphocytes, occasionally pen- 
\ascular and in places tending to form lymph follicles (Fig 4) In the region of the 
ulcer the muscularis propia was often interrupted by collections of lymphocytes, plasma 
cells, large mononuclear cells and single polymorphonuclear leukocytes The muscle 
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— Photomicrogrnph of a section through one of the ulcers in the stormch 
the nonspecific, influnimatorv changes in the floor and the unll (Xioo) 


Note 



I'lG 


5 — riiotoniicrograph of a section of the stomach showing two 
tubercles with giant cells in the intact niiicosa (xiso) 
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bundles in places were separated by a dense fibrillar connective tissue The serosa was 
also thickened by a loose connective tissue in which were accumulations of small round 
cells, frequently present about large blood vessels The mucosa adjacent to the ulcers 
was edematous, thickened, and scattered throughout were numerous small tubercles up to 
the size of a high power field composed of epithelial cells, lymphocytes, and single large 
multinucleated giant cells of the Langerhans type (Fig 5) Occasionally the tubercles 
were fused together and surrounded by a dense collar of small round cells The glands 
of the mucosa were frequently dilated and cj'stic In the stroma, were accumulations 
of polymorphonuclear leukocytes, plasma cells and mononuclear cells 

The perigastric lymph nodes contained man> epithelioid cell tubercles with giant 
cells of the Langerhans type (Fig 6 ) The tubercles in some of the larger 13'mph nodes 
showed central necrosis The sinuses were congested and the Ivmph follicles occa- 
sionally contained prominent germinal centers Special stains, however, failed to reveal 



Tig 6 — Photomicrograph of i section of one of the perigastric Ijmph nodes showing an 
epithelioid cell tubercle and Sereral giant cells (X 300 ) 


the presence of tubercle bacilli Pathologic Diagnosis Hj'perplastic and ulcerative tu- 
berculosis of the stomach involving the prepjlonc and pjdoric regions Hjpertrophic 
gastritis and hyperplastic tuberculosis of the perigastric lymph nodes 

Tube/ culosis of the Stomach Without Clinical Manifestations — The fol- 
lowing thiee cases presented tuberculous changes in the stomach which were 
incidental findings during autopsy 


Case I — This case was a 38-j ear-old colored male, who died from an ulcerative 
pulmonarj^ tuberculosis of the right upper lobe In the stomach as well as in the ileum 
and cecum, there were numerous caseated tubercles that varied from pinhead to split-pea 
size In the stomach the nodules were scattered along the lesser curvature of the mucosa 
Case 2 — A white woman, age 33, presented a caseous tuberculous adenitis of all 
lymph nodes and a caseous pleuritis There were no evidences of tuberculosis in the 
lungs The stomach presented geographic-like erosions especially about the cardia and 
fundus They \aried from 2 to 5 cm in diameter and extended to the serosa 0 \er the 
serosa of the stomach were caseous material and loose fibrous adhesions 

Case 3 — This patient was a soldier, age 39, who died during the war from a chronic 
ulcerative tuberculosis of both lungs, associated with an ulcerative tuberculosis of the in- 
testines and caseous tuberculosis of both kidne>s In the stomach, on the anterior wall 
5 cm below the cardia, a submucous caseous node was found which measured 16 Afm in 
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diameter and was 6 Mm high Histologicallj^ the node showed an extensne caseation 
necrosis, well circumscribed and confined to the submucosa (This case was seen by the 
late Dr R H Jaffe, who was kind enough to permit us to quote ) 

Discussion — Although tuberculosis of the stomach is usually seen by the 
pathologist at neciopsy in cases of generalized tuberculosis, there remains a 
small number of cases m which tuberculosis manifests itself in the stomach 
as an isolated process It is the latter type which is of interest to both 
gastio-enterologist and suigeon in view of the diagnostic pioblem that such 
a case presents The diffeiential diagnosis usually consideied is eithei 
carcinoma or syphilis of the stomach and tuberculosis piactically is never in- 
cluded Even the gross examination of the excised segment of the stomach 
resembles a malignancy and the coirect diagnosis is not suspected until micio- 
scopic examinations are made The clinical couise of tubeiculosis of the 
stomach may resemble eithei a caicinoma or syphilitic process, vhile the 
roentgenologic studies favor the diagnosis of malignancy The prognosis 
IS usually very good following surger)^ m those cases in whom the general 
condition is often fairly good and when they have no signs of active tubei- 
culosis elsewheie m the body The case of Watson, Flint and Stew ait® w^as of 
extreme interest in view of the fact that the tubeiculosis had produced an 
hour-glass deformity and micioscopically a complete metaplasia m the 
upper fundus w^as observed The latter finding is also frequently seen in the 
mucosa of the bronchi m cases of pulmonary tuberculosis In Baumgartnei ’s** 
case, the tuberculous process in the stomach w^as coincidentally found wuth 
carcinoma 

Some investigators have considered the hyperplastic form of gastric 
tuberculosis as the primaiy source This view^ is usually found to be m- 
coriect, for at autopsy the primary source can often be traced to the lungs 
In a series of 24 cases of gastric tuberculosis collected from the hteratuie 
by Leriche and Mouriquand,® only twm show^ed evidences of clinical tubei- 
culosis in some other organ 

Males are usually more frequently affected than females — Melchior® 
gives the ratio of five to one , Grossman,' one to three, wdiile Broders^ gn es 
It as twm to one It is three to four times more common in adults than 
children 

Microscopically, the stomach show^s superficial ulcerations and a vasculai, 
nonspecific granulation tissue The histologic diagnosis of tuberculosis is 
confirmed when tubercles are piesent not only in the stomach w'all, but also 
in the regional lymph nodes The presence of tubeicle bacilli cannot ahva}s 
be demonstrated 

The clinical picture reveals nothing characteiistic The eailiest symptoms 
are those of chronic gastritis wuth loss of appetite and a sense of fulness or 
pressure in the epigastiium This is follow'ed by epigastric distress or pain 
of the ulcer type, loss of w^eight, and vomiting The \omiting occurs late 
m the course of the disease and the vomitus is daik or suggestive of gastric 
hemorrhage In Becker’s® case, the tuberculosis was localized to the stomach 
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and caused a seveie gastnc hemorrhage Dianhea, if present, is usually 
due to ulcerations piesent in the small intestines In about one-half of the 
cases a mass can be palpated in the epigastrium A majority of the cases 
repoited have also definite evidences of tubeiculosis elsewhere in the body 
(Gualdi,” Olleros and Garcia,^® etc ) 

Laboratory data aie not helpful in making a diagnosis, although the 
majoiity of cases reported reveal an absence or diminished amount of fiee 
acid A hypeichloihydiia was found m the cases reported by Curschman^ 
and Schlesmgei Roentgenologic studies have been helpful in establishing 
the presence of an obstiuction, but theie is nothing charactei istic about the 
natuie of the defect or obstruction In the majority of the cases reported, 
the roentgenologic diagnosis was carcinoma of the stomach — in otheis syphilis 
was suspected The case of Walters, Kirklin, and Clagett^^ offered the same 
diagnostic difficulties that oui case did, and only after histologic studies of 
the excised portion of the stomach was the tuberculous nature of the lesion 
recognized Biopsy of a lymph node during life may be helpful in estab- 
lishing a diagnosis, as shown in the cases of Lusena,^'* White,^® and Mel- 
chior,® although they may be bactenologically negative In reviewing the 
repoited cases, one finally comes to the conclusion that the clinical diagnosis 
of tuberculosis of the stomach cannot be distinguished from gastnc ulcer or 
carcinoma, and in many respects the symptoms and pathologic findings closely 
resemble those of gastric syphilis 

In the tieatment of tuberculosis of the stomach, a medical regimen has 
not proved of benefit In a review of the surgical procedures performed, 
Lee^® advises resection whenever possible in the chronic cases, and gastro- 
enterostomy in acute cases and a subsequent resection later if the patient’s 
condition warrants it 


SUMMARY 

A case of a 34-year-old colored male, with tuberculosis localized to the 
stomach and perigastric lymph nodes, is desciibed Subsequent gastric resec- 
tion has thus far produced complete eradication of the disease Epithelioid 
cell tubeicles were present in the gastric wall and in the pengastiic lymph 
nodes 

The clinical and pathologic features of tuberculosis of the stomach are 
discussed 

One case of tuberculosis of the stomach was encountered m over 75,000 
loutine surgical specimens, while in a series of 554 cases of tuberculosis 
observed in 11,480 necropsies, two cases showed tuberculosis of the stomach 
as an incidental finding 
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LADD’S OPERATION FOR THE CURE OF INCOMPLETE ROTATION 
AND VOLVULUS OF THE SMALL INTESTINE PRODUCING 
DUODENAL OBSTRUCTION IN INFANCY* 

Robert Elman, M D 
St Louis, Mo 

FROM THE DEPARTMENT OF SURGFR\, MASniNGTOV USI\PnSIT^ SCHOOL 01 MEDICINE AND ST LOUIS CHILDREN S 

HOSPITAL, ST LOUIS, MO 

When persistent vomiting in the early weeks of life yields bile stained 
material, a congenital obstruction in the duodenum must be considered , 
m tins lespect, at least, the lesion can be differentiated from hypertrophic 
stenosis at the pyloius which is associated with the return of coloiless 
gastiic contents The type of congenital obstruction of the duodenum {eg , 
atiesia, band, etc ) is usually difficult to demonstrate at tbe bedside and not 
infiequently even at opeiation The many repoits in the hteiature of con- 
genital duodenal obstruction compiise a vaiiety of lesions, many of them 
complicated m type The three cases desciibed herein, on the other hand, 
presented simple and similar clinical manifestations and anatomic findings 
and lesponded to relatively simple opeiative procedures Because of this 
simplicity, the details of the experiences of these three patients are presented 
In 1932, Ladd^ desciibed ii cases of congenital duodenal obstiuction 
over half of which weie identical with the three cases herein described 
Ladd was able to find in the hteiatuie, only ten cases successfully tieated 
The obstiuction was located 111 the teiminal duodenum and upper end of 
the jejunum and was “extrinsic,” being caused by congenital bands plus a 
twisting of the entiie small intestine just below tbe ligament of Tieitz 
Inasmuch as the cecum lay in the uppei left quadrant these cases represented 
incomplete lotation of the intestines as mentioned in greater detail below 
In legard to the operative procedure he stated “Though shocking, we feel 
that the only way to reduce the volvulus is by delivering the whole small 
bowel and untwisting it” Of the cases of maliotation which were opeiated 
upon, untwisting of the volvulus and cutting of bands was followed by cure 
m all, in one baby a gastro-enterostomy -was pei formed with a fatal outcome 
In a more lecent report, Ladd- inci eased his series by 23, with 19 recoveries, 
and describes in more detail his opeiation for this (extiinsic) type of duode- 
nal obstruction as a “transposing operation,” emphasizing that reduction of 
the volvulus alone is not sufficient to permanently relieve the obstiuction 
The bands which impinge on the duodenum must be cut, thus allowing the 
cecum and ileum to be transposed toward their normal position m the right 
lower quadrant Still more recently. Miller^ cited a number of congenital 
obstructions but only a few were of the type herein desciibed McIntosh 

* Read before the St Louis Surgical Society, April 19, 1939, at St Louis, Mo 
Submitted for publication November 6, 1939 
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and Donovan'^ desciibed a number of cases of disturbances of lotation, many 
quite similar to those of the extrinsic type described by Ladd and to those 
described herein 

Inasmuch as the impoitant featuie in these cases seems to be a dis- 
tui bailee in rotation, it appears impoitant to lefei to Dott^ who, m 1923, 
piesented a detailed discussion of malrotation with excellent chaits illustrat- 
ing three t3'pes of derangements coi responding to defects in the three stages 
of rotation Accoiding to this description the piesent cases fell into the third 
group Dott desciibes thiee of his own cases all of which died following 
opeiation, they piesented much more complicated lesions than the ones herein 
described Based upon the thiee stages of lotation the piesent cases ^^ould 
seem to be due to a failure of rotation only in the third stage, wherein. 



Fig I — (A) represents arrested rotation of the third stage, and shows the close approxinia 
tion of the ileum and upper jejunum with a slight twist of the preartenal segment through 90° 
(B) represents a further step in the twist producing a volvulus of the entire small intestine (Re 
produced from DottS) 

normally, the cecum and ileum leave then position in the upper left quadrant 
and continue m their rotation toward the light lower quadrant When this 
stage IS arrested the ileum (and cecum) remain attached to the jejunum 
and from this single point the entire small intestine hangs — thus enabling it 
to become twisted (Fig i) The twist or volvulus of itself is undoubtedly 
able to produce the duodenal obstiuction although it is probable that the 
bands add to the completeness of the occlusion The bands are also impoi- 
tant in the pathogenesis in so far as they are attached to and fix the teiminal 
ileum thus preventing the cecum and ileum from occupying their normal posi- 
tion in the right lower quadiant (Fig 2) 

CASE REPORTS 

Case I — Hosp No N1972 Male, age 16 dajs Since birth, there had been per- 
sistent bile stained vomiting , the weight dropped from seven pounds six ounces (3 3 Kg ) 
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to SIX pounds four ounces (2 8 Kg ) On admission, the general condition was good but 
the next day he suddenly became listless, the skin dry and inelastic A diagnosis was 
made of duodenal obstruction and an operation performed Through a right rectus 
incision, a tremendously dilated duodenum was found The entire small intestine was 
collapsed and the cecum and appendix were found in the left upper quadrant A twist, 
just distal to the ligament of Trcitz, was found involving all of the small intestine, this 
was corrected by rotating the entire small intestine in a counter-clockwise direction The 
ligament of Treitz could not be explored sufficiently because of the patient’s poor genera! 
condition, which necessitated an immediate termination of the operation On return to 
the ward the patient was m shock but recovered completely with the administration of 
fluids and a transfusion On discharge, the patient was taking feedings well, and gaining 
111 weight 

At five months of age the patient was admitted a second time because of recurrence 
of vomiting which ceased on thickened feedings Roentgenologic examination showed 
no obstruction and a barium enema canalized to the hepatic flexure 

Two weeks later patient was admitted for a third time, with a historj' of persistent 
vomiting of several days’ duration A roentgenogram showed a complete obstruction at 
the terminal duodenum A second operation was carried out , this time an upper left 
rectus incision was employed The small intestine was eviscerated and found to be 
twisted as at the previous operation The volvulus was reduced by untwisting the 
intestines m a counter-clockwise direction The mesenterv was the site of a tremendous 
edema At the hepatic flexure the transverse colon turned sharply on itself so that the 
cecum lay m the upper left quadrant The ileum was then found lying along the begin- 
ning jejunum and attached to it by well developed fibrous bands These were severed, 
whereupon it became possible to return the cecum and terminal ileum toward the right 
lower quadrant After division of the band, a definite groo\e could be seen at the 
beginning jejunum above which the duodenum was tremendously dilated Recovery was 
entirely uneventful, and the patient remained well up to the present time (two jears) 

Case 2- — Hosp No 02129 Female, age i month There was a history of bile 
stained vomiting during the first 12 days of life, no vomiting for the next w'eek, but 
persistent vomiting since On admission, the baby was prostrated, dehj^drated and 
exhibited convulsive movements during which she became quite cyanotic Rectal bleeding 
was also observed A roentgenogram following the ingestion of a barium meal showed a 
characteristic picture of obstruction at the terminal duodenum The general condition 
of the patient w'as onlj^ slightly improved by conservative measures, and tw'o days after 
admission operation was performed, employing local followed bj general anesthesia An 
upper left rectus incision was made , the cecum was found in the upper left quadrant w'lth 
the appendix curled around the beginning jejunum The entire small intestine w'as 
collapsed , it was eviscerated and a twist found and corrected bj' rotation in a counter- 
clockwise direction No cause was found for the rectal bleeding except the volvulus 
The general condition of the patient did not permit an adequate dissection of the ligament 
of Treitz, and the abdomen w'as closed The change following the operation w'as spec- 
tacular, the color improved, breathing became more regular, the crj vociferous The 
patient was discharged 12 dajs later, having gained one pound nine ounces (700 Gm ) 

At SIX w'eeks of age, the jiatient was admitted a second time and the feeding formula 
was adjusted The baby remained w'ell for one month, w'hen she was readmitted for a 
third time, with a history of an occasional vomiting until two days before admission 
when she vomited everything She was treated conservatively for one week, when it 
became obvious that the obstruction had recurred A second operation was undertaken 
through the same upper rectus incision A large postoperativ'e band was found occluding 
the jejunum There was also a recurrence of the twist Exploration at the ligament of 
Treitz did not seem to reveal any obstructing band, and the abdomen was closed without 
doing an3 thing further The patient was discharged entirelj well, with no further 
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lomiting, and remained well for another month, during which time she gained two 
pounds (i Kg) m weight 

The patient was admitted a fourth time because of multiple furuncles about the 
head, which were treated and healed in about three w^eeks Just before she was about 
to be discharged she suddenlj developed persistent vomiting, and roentgenologic examina- 
tion show'ed a recurrence of the obstruction at the terminal duodenum The general 
condition of the patient w^as excellent at this time A third operation was carried out 
through the old upper rectus incision , the small intestine w^as eviscerated and found to be 
slightly distended, unlike its previous appearance The mesentery w^as edematous and 
l}mph nodes tremendouslj engorged Visible lymph had accumulated beneath the 
peritoneum and had extended up the ligament of Treitz Seieral bands w'ere producing 
partial obstruction but upon careful exploration of the beginning of the jejunum it w'as 
apparent that an intermittent volvulus had been responsible for most of the changes noted 
Further dissection revealed definite congenital bands between the beginning of the 
jejunum with the terminal ileum w’hich had not been severed at the previous operations 



narth untwisted 

(B) The V oh ulus has been entirelj reduced and the bands are read} to be cut 

(C) The bands h'l^e been cut and the cecum renlaced toward the right lower quadrant in the 
direction indicated b} the arrow 

These bands w^ere cut extensively up to the point wdiere the dilated duodenum became 
suddenly constricted This resection permitted replacement of the cecum tow’ard the 
right lower quadrant aided by the rotation of the entire small intestine m a counter- 
clockwise direction Recovery from this operation w^as uneventful and patient has re- 
mained entirely' w'ell (one y'ear) 

Case 3 — Hosp No 0859 Male, age 5 day's There w'as a history of persistent bile 
stained vomiting since birth A roentgenogram, following the ingestion of a barium 
meal, revealed a characteristic obstruction at the terminal duodenum The patient was 
treated conservatively for seven days and then operated upon, under general anesthesia, 
through an upper left rectus incision The entire small intestine was collapsed but 
twisted, It was eviscerated and rotated in a counter-clockwise direction The upper left 
quadrant w'as then carefully explored The cecum lay in close relationship to the liga- 
ment of Treitz, the appendix being curled around the beginning of the jejunum A band 
vas found binding the jejunum to the ileum This was cut extensnely, until the dilated 
duodenum was reached After this it w'as possible to mobilize the cecum and partially 
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replace Jt m the right lower quadrant (Fig 2) The abdomen was closed and recovery 
was uneventful There has been no further vomiting since operation (one year) 

Discussion Very little can be added to the clinical description and 
operative tieatment lecorded by Ladd ~ Fiom the cases herein reported, as 
well as fiom those desciibed by Ladd, one may say that incomplete rotation 
with volvulus produces manifestations which can be readily lecognized and 
readily coriected 

The most important symptom pi oduced by such a lesion is persistent bile 
stained vomiting, beginning shortly aftei birth but in some cases interrupted 
by penods during which all food is normally retained Undoubtedly, this is 
possible because the twist in the intestines may become spontaneously, though 
only tempoiaril)'’ relieved Dining penods of obstruction visible gastric peri- 
stalsis may be seen passing fiom left to light, just as is true in pyloric stenosis 
If the baby is examined 1 oentgenologically, no dilated loops of intestine are 
to be seen but a dilated stomach and duodenum can often be identified , if 
baiium IS given by mouth the shadoAvs cast by the stomach and duodenum 
aie clear and chaiacteiistic Significant, too, is the absence of general abdom- 
inal distention , the fulness m the uppei abdomen can be made to disappear 
on aspiration by lavage of the gastiic and duodenal contents 

The general manifestations of dehydration are pi oduced if vomiting is 
sufficient to lesult in anhydremia In addition to this, attacks of prostration 
and hstlessness may occur similar to those seen in intussusception This is 
doubtless due to circulatoiy changes pi oduced by an especially severe twisting 
01 volvulus In one of the piesent cases passage of blood per rectum oc- 
curred, suggesting, too, circulator}'^ obstruction produced by the volvulus 
Once the diagnosis is made, unless signs piomptly disappear, celiotomy 
IS indicated General anesthesia and an adequate incision are necessary An 
upper left rectus appioach leads most readily to the ligament of Treitz which 
IS the seat of the lesion Much time is saved and unnecessaiy intiapeiitoneal 
trauma avoided by prompt evisceration of the entiie small intestine Though, 
at fiist consideration, this proceduie seems to be too radical, the advantages 
gamed far outw^eigh the modeiate shock it undoubtedly produces In the 
first place, evisceration is really essential in ordei to untwist the volvulus by 
rotation m a counter-clockwise direction In the second place, evisceration 
permits adequate exposure of the ligament of Tieitz, which is necessary in 
order to sever the bands obstructing the teiminal duodenum and the upper 
jejunum Moieover, since these bands are also attached to the terminal 
ileum, by dividing them it becomes possible to mobilize the cecum and ileum, 
releasing their fixation to the uppei left quadrant and allowing them to be 
placed towaid their more noimal position m the right lower quadiant On 
the basis of the present observations (Case 2) this is essential in older 
to prevent recuirence of the volvulus Gastro-entei ostomy is unnecessary m 
this tj’-pe of obstiuction and if cairied out adds to the risk of the opeiation 
Summary — Three cases aie described of duodenal obstiuction in in- 
fancy, due to volvulus of the entne small intestine, plus congenital (extimsic) 
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bands occluding the teiniinal duodenum and uppei jejunum The defect 
seems to be a failiue m the thud stage of intestinal rotation associated AMth 
an attachment of the terminal ileum to the upper jejunum in the upper left 
quadrant Recoveiy followed m all three cases after cairying out Ladd’s 
operation, 'i c , untwisting the volvulus plus cutting the extimsic bands at- 
tached to the upper jejunum and terminal ileum 
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We have recently published^ evidence that in expenmental intestinal ob- 
stiLiction plasma is lost to an extent sufficient in itself to cause death Most 
of this plasma loss is attributable to the factor of distention alone Some 
loss of plasma due to dehydration occurs duiing the course of the experimental 
peiiod but it IS not of sufficient magnitude to be significant in the death of 
the distended animal Previous studies- ^ showed that loss of blood, fluid and 
electiolytes into the intestinal lumen, bowel wall, and peritoneal cavity was 
not responsible for the plasma loss or for the rapid death from obstruction 
with distention The possible deleterious influence of noxious nerve stimuli 
originating m the distended bowel was also excluded from responsibility 
Furtheimoie, it was found that animals whose empty small intestines were 
obstructed and distended did not survive as long as others which were ob- 
stiucted but not distended, and that the survival time was shortened in 
proportion to the height of the inti a-mtestinal piessure The one uniform 
finding which constituted an adequate explanation for the quicker death of 
the distended animals was a piogressive and extensive loss of blood plasma 

We have, to date, no conclusive answer as to the mechanism by which 
distention produces plasma loss, although our studies suggest that part of 
the plasma is forced into the inteistitial spaces of the pelvis and lower 
limbs because of impeded venous leturn fioin these areas In any case the 
obvious infeience from these obsei vations, if they are correct, is that trans- 
fusions of plasma, in sufficient volume to replace the plasma which is lost, 
should have a favoiable influence upon the course of the process In this 
communication are described the results of experiments designed to elucidate 
this question 

Method — Dogs were used exclusively Their normal plasma and whole 
blood volumes weie determined under intraperitoneal nembutal anesthesia 
immediately preceding or seveial days in advance of the expeiiment by a 
technic already described ^ After 24 hours of starvation, but with water 
allowed, the dogs were anesthetized by intraperitoneal nembutal The 
pylorus was ligated and the ileocecal valve was divided, its dist al end inverted 
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and a glass cannula tied into its proximal end The cannula was brought out 
through a stab wound after closing the abdominal incision and connected to a 
Perusse pressuie bottle The entire small intestine was kept continuously 
inflated with an at a pressure of 20 cm of \\atei (a level consistent with that 
observed in clinical and experimental obstiuction) until death occuried 

Plasma for transfusion was obtained from large, 1101 mal, healthy dogs by 
exsangumation undei sterile piecautions Fifty cubic centimeteis of a sterile 
25 per cent sodium citrate solution m physiologic saline was added to each 
450 cc of blood and stored for fi om one to three days at a temperature vary- 
ing fiom 0 to 4° C Before use the supernatant plasma was siphoned off and 
diluted to two or thiee times its volume with physiologic saline to reduce its 
viscosity so that it would run without clotting Some of the specimens used 
showed a slight hemolysis 

Immediatel}'’ after obstructing and distending the intestine, plasma (plus 
two to thiee times its volume of physiologic saline) was run into the femoral 
vein at a rate of five to eight drops per minute until its admmistiation was 
purposefully interrupted or until the suppl} was exhausted or until the animal 
died The volume transfused m a given time diffeied from one animal to 
another in accordance with the calculated loss m plasma volume to be 
anticipated 

Determinations of plasma and i\hole blood volumes were made at inter- 
vals as convenience and the circumstances of the experiment allowed 

In order to determine the specific value of plasma as against other fluids 
wfliich are considered useful for restoration of lost fluid, intravenous physiologic 
saline (m one expeiiment 6 per cent acacia [Lilly] was added) w^as given to 
different dogs and its effect on plasma volume and survival time noted 

The details of each experiment are listed in Table I The significance of 
the results can best be appreciated by discussing each experiment individually 

DOGS RECEIVING PLASMA TRANSFUSIONS 
Experiment I — This dog received plasma continuously from the beginning of the 
experiment until the thirty-ninth hour of distention Death occurred five hours after 
the plasma was discontinued The total survival time of 43 hours is in contrast to an 
average survival time of 208 hours for distended dogs not receiving plasma^ Tivo 
hundred cubic centimeters of plasma was given during the first five hours, with a resultant 
increase of 7 per cent in plasma volume instead of an expected average fall of 35 per 
cent after a similar interval of distention in dogs not receiving plasma There was a 
simultaneous decline in total blood volume of 6 per cent because of a 15 per cent loss m 
red cell volume, which is presumably, at least in part, a relative rather than an absolute 
loss Distended dogs not receiving plasma uniformly show a rise in hematocrit averag- 
ing 37 8 per cent after four to six hours, but this dog showed a fall, also relative, of 12 
per cent An additional 250 cc of plasma was administered by the end of the twenty- 
third hour of distention The fall in plasma volume at this time was 3 per cent in 
contrast to an average fall, after approximatefi’’ the same interval, of 55 P^r cent in 
distended dogs not receiving plasma After the thirty-eighth hour, by which time the 
dog had received a total of 650 cc of plasma (plus the diluent of 1,300 cc of physiologic 
saline), the plasma transfusion was stopped Death occurred fi\e hours later 
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Comment— In a previous senes of ii dogs with obstruction and disten- 
tion but no plasma tiansfusion, seven died in 20 hours or less The longest 
suivival time was 30 hours The fall m plasma volume in those dogs surviv- 
ing as long as 23 houis was never less than 45 per cent, an amount sufficient 
to cause death Since the fall in Dog I of the present series after this interval 
was only 3 per cent, we conclude that plasma transfusion was responsible for 
prolonging the suivival time to approximately twice the average m those dogs 
which did not receive plasma 

Experiment II — After 20 hours of obstruction and distention during which 350 cc 
of plasma was infused, the plasma volume increased 3 2 per cent and the hematocrit fell 
16 per cent, results which are substantially the same as m Experiment I An additional 
150 cc of plasma was administered during the next 16 hours, but, unfortunately, a 
plasma volume measurement was not obtained until six hours after the plasma was dis- 
continued (because of exhaustion of supply) During this interval of distention without 
plasma replacement a 39 per cent fall in plasma occurred and the dog died 14 hours 
later, with a total survival time of 56 hours, which is not far removed from the expected 
survival time of an intact dog under continuous intrapentoneal nembutal anesthesia^ 
Had the cannula m the ileum not perforated the wall of the intestine by mechanical 
friction, with resulting terminal, extreme pneumoperitoneum, the survival time might 
have been even more prolonged 

Comment — It will be noted that the total volume of the transfused plasma 
exceeded the dog’s own plasma volume In spite of this a 39 per cent loss of 
plasma occui red within six hours after the plasma transfusion was discontinued 

It IS appaient from this expeiiment that the plasma loss caused by disten- 
tion continues uninteiruptedly so long as distention is maintained, and that 
the plasma infused serves only to replace what is lost Evidence is available 
that slowing or leveisal of the process by which plasma is lost can be achieved 
by decompressing the intestine ** If, while distention persists, the plasma loss 
proceeds at a rate exceeding that of replacement, the fall in plasma will go on 
to cause a fatal issue This is indicated m Experiment III 

Experiment III — The original plasma volume of this dog was 656 cc According 
to our previous data the expected loss from distention in four to six hours would equal 
229 cc Onlj 75 cc was transfused during the first seven hours and a fall of 30 per 
cent in plasma volume was observed At this rate of plasma loss the animal s survival 
time would hardly have reached its actual value of 46 hours We attribute this survival 
period to the fact that an additional 225 cc of plasma was administered between the 
seventh and the thirtieth hours Death occurred six hours after plasma administration 
was stopped 

The effect of supplying plasma in excess of the expected calculated plasma 
loss IS illustrated in the next experiment 

Experiment IV — In this dog, with an initial plasma volume of 517 cc , the expected 
loss after four hours without plasma transfusion would be i8r cc Two hundred cubic 
centimeters of plasma was administered with a resulting gam in plasma volume of 10 
per cent The hematocrit fell 20 per cent Without plasma transfusion an increase in 
the hematocrit of some 45 per cent would be anticipated Similarly, after 23 hours, when 
a total of 500 cc of plasma had been given (216 cc more than the average expected 
loss when plasma is not transfused), a 19 per cent increase in plasma volume and a 31 
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per cent decrease in hematocrit were observed (In this, as in one other distended 
animal receiving plasma, urine was excreted during the experiment and the tissues were 
slightly edematous at autopsy ) Although an additional loo cc of plasma was admin- 
istered during the next ten hours, the dog died after 43 hours, surviving only nine 
hours after the plasma transfusion was interrupted 

Comment — It is apparent, theiefoie, that when plasma is administered 
m adequate quantity it serves to sustain the distended dog while it is being 
administered and for a variable, but only short interval afterward It should 
not be surprising that the survival time is not longer, if one beais m mind 
that in addition to the deteriorating effect of the continuing loss of plasma, 
the limit of survival of an intact dog under continuous mti aperitoneal nembutal 
anesthesia is being approached 

Further evidence that plasma continues to be lost so long as distention is 
maintained may be observed m Experiment V 

Experiment V — One hundred cubic centimeters of plasma was transfused during 
the first five hours of distention This quantity is insufficient to balance the expected 
calculated loss of about 297 cc (35 per cent of 894 cc ) Consequently a drop m plasma 
volume of 16 4 per cent was observed after the fifth hour During the next nine hours 
300 cc more of plasma was administered m order to approximate the expected total 
calculated loss (400 cc ) after 14 hours of distention The plasma infusion was then 
stopped and seven hours later, or 21 hours after the onset of the distention, the plasma 
volume had fallen only 6 4 per cent below its value after the fifth hour, which clearly 
demonstrates the sustaining function of the infused plasma But in a further six hours 
the plasma loss had reached 47 9 per cent, with death following nine hours later, a 
total survival time of 36 hours 

Comment — We consider that this death occuried six houis earliei than 
the next earliest death in this gioup of five animals because the plasma trans- 
fusion was given for only 14 hours instead of for 33 01 more hours as in the 
other four dogs 

The data in the next two experiments are incomplete, but are of value in 
connection with the general thesis of this paper 

Experiment VI — The changes m plasma volume m this dog could not be measured 
because the donor’s plasma had been partly diluted with distilled water which caused 
marked hemolysis This prevented photo-electric colorimetric determinations of plasma 
volume In spite of the hemolysis, the presence of severe strangulation of the bow el and 
a terminal pneumoperitoneum due to rupture of the bow'el by the glass cannula,* the 
dog survived 38 hours, having received 400 cc of plasma during the first 19 hours 

Comment — This is m marked contrast to the survival time of ten, 12 and 
18 hours, respectively, of a previously leported group of three dogs with 
venous strangulation and distention, but no transfusion of plasma '‘- 

Expenment VII — A w'cek before the experiment this dog’s control plasma 
volume was 994 cc , but wffien the experiment w'as started the dog w'as very sick Upon 
opening the abdomen, generalized peritonitis was found He was, nevertheless, distended 
for four and one-half hours, during which time he did not receive plasma At the end 

*We subsequently learned to prevent this b} using, instead of an ordinarv glass tube 
with an open end, a cannula with a balloon tip containing numerous perforations 
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of this interval he appeared moribund Although the resulting drop m plasma volume 
of 37 per cent is about what may be expected in an animal without peritonitis, it is an 
unreliable determination because the initial control volume was probably quite different 
from the value obtained a week previously But it was used as a base line for the 
determination of subsequent changes 

The animal then had loo cc of plasma m physiologic saline administered rapidly, 
with immediate and marked improvement m his general condition Plasma was con- 
tinued intravenously for the next i8j4 hours, when he died, having received a total of 
250 cc of plasma The plasma volume shortlj'^ before death had been increased some 16 
per cent above the level prevailing after four and one-half hours of distention 

Comment — The rapid deterioiation caused by the first foui and one-half 
hotiis of distention is suggestive of the clinical experience that distention 
seriously increases the burden of peritonitis The prolongation of life for i8 
hours after what were, apparently, teiminal lespiratory efforts demonstrated 
the piotective effect of plasma transfusion 

DOGS RECEIVING INTRAVENOUS SALINE 

It Will be recalled that m all of the experiments described the plasma was 
transfused after having been diluted with two or three volumes of physiologic 
saline m order to permit the plasma to run smoothly and uniformly without 
clotting From earlier data, previously reported, we weie convinced that 
dehydiation and dechloi mation were not substantial factors m the eaily death 
of dogs obstructed and distended m accordance with oui technic To fuither 
substantiate this belief, and to show whether or not there was any protective 
viitue m the physiologic saline administered with the plasma m the experi- 
ments with which we have been here concerned, five dogs were treated with 
physiologic saline alone In Experiments VIII, IX and X (Table II) 
physiologic saline injections were administeied m amounts and at rates 
equivalent to those given with plasma m Experiments I to VII (Table I) 
In Experiments XI and XII, 500 cc was injected rapidly at the end of the 
fourth and thirteenth hours of distention, respectively The average survival 
time in these five dogs was 15 8 hours, which is 111 contiast to 43 5 hours for 
the fiist SIX dogs of this series receiving plasma and saline, but quite com- 
parable to the aveiage survival time (208 hours) of dogs leceiving no 
plasma 01 saline 

This amply confiims our previous conclusion that dehydration and 
dechlorination weie not significant factors in the death of our distended ani- 
mals, and shows that physiologic saline exerts little or no piotective effect 
We are in agieement with others (Taylor, Weld and Hairison''’) who believe 
that when and if dechlorination occurs m the course of intestinal obstiuction, 
It IS an incidental factor which deserves coirection, but is liy no means a 
crucial factor in the lethal effects of obstruction 

In one experiment with 6 per cent acacia added, no protection vas aft'oided 
tlie animal, as judged by the survival time (Table II) 

Discussw7i — The fact that distention is the cential disturbing feature of 
uncomplicated intestinal obstruction is universally accepted It is also gener- 
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ally agreed that the correction of dehydration and electrolytic imbalance do 
not prevent death, and that death may occur before starvation becomes a sig- 
nificant factor, and before strangulation or peritonitis supervenes 

We^ have recently pi ovided data to show that a fatal loss of plasma occurs 
as a direct consequence of increased intra-mtestmal piessure, and that this 
plasma loss is independent of the loss of fluid or electiolytes into the intestinal 
lumen or wall or into the pei itoneal cavity Evidence was ah eady at hand to 
show that the survival time of distended animals is inversely proportional to 
the height of the intra-mtestinal pressure We believe that this is due to a 
more rapid loss of plasma m animals with higher mtra-mtestmal pressui es 

We do not insist that the loss of plasma is the only significant phenomenon 
in the lethal process But it is the only one brought foi ward, thus far, which 
may be regaided as of basic importance For, obviously, even if other 
primary mechanisms should in time come to be shown as operative m the 
death from intestinal obstruction, their circumvention will not substantially 
alter the course of the process so long as the plasma loss lemains uncom- 
pensated 

The validity of the foregoing experimental observations on the therapeutic 
effect of plasma transfusions m intestinal obstruction and distention rests on 
the significance of the prolongation of the survival time from an average of 
some 20 hours to one of 40 or more If plasma loss is the ciucial factoi, why 
should Its replacement postpone death for only 40 or 50 hours , why not 
indefinitely^ The answer is twofold (i) The plasma transfusion was not 
continued until death occurred, it was interrupted six or more hours befoie 
death, and during this interval a sharp drop in plasma volume occui red Had 
plasma replacement been carried on there is reason to believe that the survival 
time would have been even longer (2) There are limitations on the survival 
time of an animal which must, in the nature of the experiment, be kept lying 
on its back continuously under the constant influence of an anesthetic The 
survival time of an intact dog under these circumstances is a matter of some 
two to three days Such a dog dies without a sei lous loss in plasma volume 
so that, presumably, transfusion of plasma would not prolong life significantly 
It would be illogical to expect that the infliction of a still greater burden, e\en 
though to a large extent nullified, should permit survival for as long a period 
of time Hence, we believe that the considerably longer period of survival 
achieved by plasma replacement is of primary significance and confirms our 
contention that the loss of plasma is a vital characteristic of the process of 
decline in intestinal obstruction 

Summary — Five dogs subjected to intestinal distention at a pressure of 
20 cm of water had plasma administered continuous!}, intravenously, to 
replace part or all of the anticipated loss of plasma as detei mined from pre\ious 
data already published Effective maintenance of the control plasma \olume 
occurred when the supply of intravenous plasma i\as adequate Interruption 
of the administration of plasma was followed by a drop m plasma volume 
sufficient to cause death The survival time of these dogs was prolonged from 
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an expected average of 208 hours for distended dogs not receiving plasma, 
to 40 or more hours 

The duration of life of siinilai ly distended dogs which received intravenous 
physiologic saline but no plasma was not prolonged beyond the survival time 
of dogs receiving nothing parenterally The survival time of one dog, which 
received acacia solution in saline, was about the same as that of dogs receiving 
saline alone 

CONCLUSIONS 

(1) The intravenous injection of plasma, in amount adequate to replace 
that lost as a result of obstruction and distention of the empty small intestine, 
confers a protective influence sufflcient to markedly prolong the life of the 
animal 

(2) The intiavenous injection of physiologic saline, 111 amount sufficient, 
or more than sufificient to replace fluid lost under the conditions of our experi- 
mental technic, confei s no noticeable benefit 

(3) Loss of plasma continues so long as distention continues in the 
obstructed small intestine of the dog The extent of this loss, if uncompen- 
sated, IS sufficient 111 itself to cause death, and is of primary importance in 
the pathologic physiolog}^ of intestinal obstruction 
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Adenocarcinoma, popularly known as “hypernephroma” or “Giawitz 
tumor,” IS the most common foim of renal carcinoma It is generally conceded 
that such tumois tend to metastasize to the osseous system In a series of 63 
cases, Geschickter and Copeland^ found 22 instances, 01 35 per cent, of skeletal 
metastases The bones most frequently involved 111 the order of frequency 
were The humerus, spine, femur, pelvis, ribs, bones of foot, skull and sternum 
The incidence of skeletal metastases in renal carcinoma, as obseived m different 
clinics, IS listed in Table I Certain interesting features of an instance of this 
condition, recently observed 111 the Urologic Service of the Peiping Union 
Medical College Hospital, warrant this report 

Table I 


INCIDENCE or SKELETAL 

METASTASES IN RENAL 

CARCINOMA 

AS OBSERV'ED 

IN 


SEVERAL CLINICS 

Hyper- 





nephroma 

Skeletal Metastases 



No of 

No of 


Author 

Clinic 

Cases 

Cases 

Per Cent 

Geshickter and Copeland^ 

Johns Hopkins Hosp 

63 

22 

35 0 

Garceau“ 

Mass Gen Hosp 

176 

35 

20 0 

Dresser^ 

Mass Gen Hosp 

46 

6 

13 0 

Judd and Hand^ 

Mayo Clinic 

367 

II 

3 0 

Diez and Michans^ 




50 0 

Shill and Wang 

P U M C 

14 

3 

21 4 


Case Report — M C Y , a Chinese male, age 68, was admitted to the hospital, m !Ma} , 
1938, complaining of a painful swelling of the right wrist He had first noticed a small, 
firm and painless swelling over the ulnar side of the right wrist m January, 1938 Intense 
pain developed when he attempted to reduce this mass by massage The pain was constant 
and throbbing m character, and was aggravated by motion of the wrist The dorsum of 
the hand became swollen soon afterward and the motion of the wrist became limited on 
account of the pain and edema The tumor gradually increased in size and was obser\ed 
to be pulsating from the time of the onset of the pain In April, a similar tumor appeared 
in the left occipital region It w^as moderately paintul, definitely pulsating and slowh 
increasing in size The patient’s appetite w^as impaired and there was much loss of weight 
Only by careful review' of the past history was it possible to disclose the fact that, 
in September, 1937, the patient had been seized by se\ere throbbing pain in the right upper 
abdomen w'hich lasted throughout one night and was relieved b\ gentle massage A.t the 
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same time a small, firm mass was first noticed in the right hypochondrium, which has 
persisted The patient had three subsequent attacks of milder pain There were no urinary 
symptoms except “hematuria” which had been present for several months ten jears 
previously, and had recurred in a milder form shortly before admission 

Physical Exammatwii —The patient’s general condition was fair The abdomen was 
found to be bulging in both flanks and shifting dulness was easily demonstrated Under 
the costal margin, a firm, tender mass, about lovio cm , could be palpated in the region 
of the right kidney (Fig i) This mass was not fixed but moved with respiration The 
right hand was warmer than the left and its superficial veins were dilated The distal 
end of the forearm was definitely enlarged, especially on the ulnar side (Fig 2) The 
circumference of the wrist at the level of the styloid process of the radius was 20 5 cm on 
the right and 170 cm on the left side The swelling measured Iix8 cm and felt C3'stic 
in some areas All oi'er this mass, expansile pulsation, sjnchronous with the heart beat, 
could be felt and a loud systolic bruit was audible Flexion of the wrist and interphalangeal 
joints, pronation and supination of the forearm were much limited Another cj'stic 


Tig I Tig 2 Fig 3 



Fig I — Photograph showing the outline of the right kidney extending below the level of the 
costal margin 

Fig 2 — Photograph showing the swelling over the distal end of the right forearm 
Fig 3 — Photograph showing the outline of the swelling over the left occipital region 

swelling, slightly tender and also pulsating, was present in the left occipital region (Fig 3) 
Here again, a systolic bruit could be heard The overljing scalp was normal 

The external genitalia and the prostate gland were essentially normal The urine 
was clear and contained no pus cells The renal function, as estimated by phenolsulphon- 
phthalem excretion, was 60 per cent in two hours The blood picture showed slight 
secondary anemia The figures for the chemical constituents in the blood were within 
normal limits The Wassermann reaction of the blood was negative Clinical Diagnosis 
Carcinoma of the right kidney with metastases to the skull, the right ulna and the 
peritoneum 

Cystoscopy revealed the interior of the urinary bladder to be normal Ureteral 
catheterization demonstrated obstruction in the right ureter from which urine was not 
obtained Bilateral retrograde urograms (Fig 4) showed a large tumor in the region of 
the right kidney, the calices and pelvis of which were not filled by the contrast medium 
Excretorj'' urograms (Fig 5) made following the intravenous injection of 20 cc of 
hippuran (12 Gm ) confirmed the previous findings The right kidnej was enlarged, 
showed calcified shadows in the lower portion, and gave evidence of having lost practically 
all of Its excretory function The left renal pelvis and calices were fairly normal m 
appearance and the function of this kidney seemed unimpaired 
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Tig 4 — Retrograde p\elogram showing a Fig $ — E\cretorj p>elogrmi which confirms 

large tumor in the region of the right kidnej, the the retrograde p>elographic findings Note absence 
pehis and calices of which ha\e not been filled bj of excretion of the d>e on the right side 
the contrast medium The arrow points to areas 
of calcification 





Fig 6 — Roentgenograms of the right wrist showing destructne lesion ot the lower end of the ulna 
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Roentgenologic examination further revealed (i) An irregular erosion, 25 cm in 
diameter, in the right occipital region, involving both tables of the skull , and (2) destruc- 
tion and absorption of the distal end of the right ulna (Fig 6) Careful roentgenologic 
examination of the chest and the spine revealed no evidence of metastasis to these structures 
A needle biopsy from the tumor of the right ulna was made ilfici oscopic Exaimna- 
fion (Fig 7) revealed epithelial tumor cells which showed a great tendency to form irregu- 
lar glandulai structures separated by a scanty amount of stroma or by capillaries The 
tumor cells were cuboidal or columnar with pale and granular cytoplasm which contained 
a number of small vacuoles The nuclei were lound or oval, generally situated toward the 
base and contained much chromatin material Occasional mitotic figures were found 
Histologic Diagnosis Adenocarcinoma, which, in view of the clinical and roentgenologic 
data, was believed to have arisen from the kidney 



On account of his age and the extent of the lesions, the patient refused tieatment and 
returned home where he died four months later 

Chmcal Considei ahons — ^This case presents seveial striking and inteiest- 
ing features In the first place, it illustiates very well the point that frequently 
It IS the metastatic lesion in the bone which fiist prompts the patient to seek 
medical tieatment Diez and Michans® state that in 50 per cent of their cases, 
skeletal metastasis was the first clinical manifestation of an otherwise symptom- 
less hypernephioma Occasionally the piimaiy tumoi may remain silent for 
a long period, even aftei a pathologic fracture, due to secondary tumor in bone, 
has occurred 

Second, the finding in the ulna of a metastatic lesion fiom any tumor is in 
Itself exceedingly lare It has been stated^ that “any bone 111 the body may be 
involved but metastases distal to the humerus and femur are infrequent 
Risley® states that bone metastasis occuis almost entirely proximal to the elbo\v 
and knee joints In an attempt to explain this phenomenon, Pmey' showed 
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that metastatic deposits in bone are due to arterial or capillary embolism, that 
the location of metastases seems to conform to the anatomic distribution of the 
red marrou and that after pubeity the red marrow extends only as far as the 
uppei ends of the humeius and femur The literature records only 13 instances 
m u Inch the skeletal metastases from hypernephroma were located distal to the 
humerus and femm (Table II) 

Third, the pulsating character of the metastatic tumoi* is noteworthy 
Lesions m the bone secondary to hypernephroma are often veiy vascular, 
giving a definitely expansile pulsation and audible bruit, so that they may be 
mistaken foi aneurysms Eschner,^"* MacLeod and Jacobs,^” Dressei,^ Cabot,^® 
Crile, Jr,^'^ and Roth and Davidson^® have repoited six instances of pulsating 
tumors of the steinum secondary to a lenal hypernephroma, and an aortic 
aneur} sm uas suspected m practically every instance Storath,^*^ and Diez 
and Michans"’ have reported instances of pulsating metastases from hypei- 
nephioma to bones of the nose and foot The latter authors state that 35 per 
cent of skeletal metastases secondary to hypernephroma show pulsation and 
give an easily audible systolic bruit It seems leasonable, therefore, to suggest 
that any pulsating tumor of the skeletal system should be thoroughly investi- 
gated with this possibility 111 mind, even in the absence of clinical manifestations 
of a primary renal tumor 


Table II 

RECORDED INSTANCES IN WHICH SKELETAL METASTASES FROM H\ PERNEPHROMA WERE 
LOCATED DISTAL TO THE HUMERUS AND FEMUR 


Author 

de Massary and WeilP 

Garceau- 

Nitch® 

Hand and Broders^® 
Geschickter and Copeland* 
Garceau^ 

Dresser® 
von Bergmann** 

Pool*® 

Geschickter and Copeland* 
Diez and Michans® 
Sabolotnow*® 


Location 

Phalanges 

Metacarpals 

Ulna 

Radius 

Tibia 

Tibia 

Tibia 

Tibia 

Fibula and tibia 
Bones of foot 
Metatarsals 

Tarsals and metatarsals 


No of Cases 

I 

I 

I 

I 

I 

I 

I 

I 

1 

2 

I 

I 


Total 13 

Fourth, the roentgenologic interpretation of the lesion m the ulna was not 
easy m this instance Baetjer and Waters-® state that this type of tumor is of 
medullary origin and that it is impossible to differentiate it from other medul- 
lary nonbone producing growths Gibson and Bloodgood^^ remark that “As 
regards the roentgenologic findings, these may be summed up as resembling 
those of a central sarcoma of the bone There is never any production of new 
bone , the cortex may be expanded, there is usually rarefaction of bone m the 

Similar pulsating skeletal metastases have also been recorded in cases of primary car- 
cinoma of thjroid 
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neighboi hood, and the metastatic shadow tends to be circular m outline There 
are no i oentgenologic findings which diliferentiate hypernephroma from any 
other foi m of skeletal carcinomatous metastasis ” Dresser^ mentions that in 
the case of a single metastasis with no signs pointing to kidney involvement, 
the differentiation between this condition and primary osteogenic sarcoma is 
piactically impossible without the lemoval of a specimen for microscopic study 

In our present case, the lesion of the right ulna (Fig 6) showed a cen- 
trifugal type of bone desti uction, as the shell of the bony growth and the tip 
of the ulna were still visible In othei words, it was of medullary origin Its 
pioximal portion was almost cystic in appearance, showing trabeculae and a 
fairly thick shell which was of wavy outline The distal portion appeared 
more osteolytic The lesion was definitely invasive in character Periosteal 
reaction was seen along the shaft just pioximal to the giowth as well as along 
the distal end of the light radius Considered apart from the clinical history 
of the case, the roentgenogi aphic appearance of the lesion was quite suggestive 
of primary osteogenic sarcoma or giant cell tumor of malignant type 

SUM MAR V 

( 1 ) A case of adenocarcinoma of the kidney with multiple pulsating skele- 
tal metastases is repoited 

(2) Pulsating tumors m the skeletal system should merit thorough uro- 
logic investigation, even 111 the absence of clinical symptoms of a primary renal 
tumor 

(3) The distribution and roentgenologic interpietation of the osseous le- 
sions are discussed 
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The closure of wounds is a technical procedure common to most surgical 
operations The ideal toward which surgeons have stiiven is immediate clo- 
sure of wounds, to be followed by uninterrupted healing The primary closuie 
of clean wounds is usually successful no mattei what methods are employed, 
but perfection has not yet been reached since infection and dehiscence still 
occui in a small percentage of wounds thus closed, no matter what technical 
measures have been employed 

Many studies have been and are being made on the factors that influ- 
ence wound healing Suture material, the nutrition of the patient, allergic 
reactions, air-borne infection, and operative methods have all been shown 
to play a pait in causing the occasional catastrophe to wound healing, and 
proper observance of the facts brought out by these studies has further dimin- 
ished the untoward results 

All wounds probably are contaminated to some degree, due to exposure 
to the air and to the impossibility of sterilizing the skin , yet, due to the re- 
markable protective power of most tissues, relatively few so-called clean 
operative wounds become infected When infection does take place, it is gen- 
erally assumed that there has been an error in technic or that an unusual 
relationship exists between the bacteria and the tissue 

Not infrequently, an otherwise clean wound may become contaminated 
during the course of the operation because of conditions met in the tissues at 
the site of the operation If frank sepsis is encountered and drainage is indi- 
cated, the wound will necessaiily become infected along the course of the 
dram Occasionally a focus of infection such as the interior of the colon may 
be encountered during operation, in which case drainage is not indicated, and 
although it IS desiiable that the wound in the abdominal wall heal without in- 
terruption, infection may develop in it to the detriment of the patient The 
handling of wounds thus contaminated is still capable of improvement A 
method we have used m handling such wounds recently has been helpful to 
us and will be described 

Infected wounds have always occurred in the human race The suscepti- 
bility of veitebrates to infection increases as one pa sses up the evolutionary 

* Read before the Fiftj -second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1939 
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scale This diminution of resistance to infection in the higher vertebrates is 
paralleled by a progressive loss of the ability to repair tissue damage as com- 
pared with the lemarkable ability in the lower forms of animal life to legenerate 
whole limbs and organs ^ 

The closure of frankly contaminated wounds such as those associated with 
open approaches to the gastro-intestinal tract, especially in its lower portions, 
such as colostomies, cecostomies, and inadvertent openings into the colon and 
rectum, has nevei been entirely satisfactory Although many successful 
primary closuies of such contaminated wounds have been carried out, the 
incidence of infection m them has always been high, carrying with it a pro- 
longed convalescence and a higliei mortality Examination of oui own 
lecords showed about a 50 pei cent occuirence of serious wound infection 
m the wounds contaminated through some contact with the interior of the 
lover gastro-mtestmal tract 

It has been customaiy in such cases to place a dram in the wound to pro- 
vide a route of exit for the exudate of infection to pass when contamination 
passed to infection Occasionally the dram, thus placed, was effective, more 
often the infection became so extensive as to necessitate the removal of all 
sutures and eventually necessitate secondary closure when the infection had 
abated 

In 1917, the Fiench surgeons^ developed a method of treating potentially 
contaminated war wounds, called delayed primary closure It was applied 
to all wounds m soft tissue, 15 hours or more old, except those of the scalp, 
face and hands The method consisted of the usual careful cleansing of skin 
and deeper aspects of the wounds , wide debridement , culture of the wound , 
constant flooding of the wound with Dakin’s solution or other antiseptic , and 
\\ ide packing of the wound with flavine gauze The patient was then sent to 
the Base Hospital, marked for delayed primary closure Within 24 to 48 
hours, the bacterial flora of the wound was known, and if streptococci were 
not present, and if there weie less than five colonies per plate, the pack was 
removed and the wound closed under anesthesia The method had many 
advantages in that the Field Hospitals and Dressing Stations were emptied 
rapidly The first cultures weie available early and infections by the strep- 
tococci, which carried the highest morbidity and mortality, could be sorted out 
and treated more adequately Finally, the surgeon who closed the wound 
was able to follow it peisonally Fraser,^ m 1918, reported an incidence of 
9 7 per cent failure in 41 cases of primar}'^ closure as compared with 4 5 per 
cent failure m 63 cases of delayed primary closure He also reported 31 
bactenologically negative wounds from 35 contaminated wounds after 48 
hours’ treatment by delayed piimary closure, employing a flavine pack m 
the wound In 1918, delayed primary closure of all soft-tissue wounds, ex- 
cepting those m the scalp, face and hands, was advised by the surgeons of 
the American Expeditionary Foice-^ The best results were obtained when 
the wounds v ere closed within 50 hours 
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The differentiation between delayed primary closure and secondary closure 
IS usually intei preted as one of tissue repair rather than that of time Pool^ 
defines delayed primary closme as the approximation of wound edges without 
excision, while secondary suture is taken to mean that the epidermis has 
giown inward over the granulations and must be excised and lifted before 
good approximation and union can be obtained In late secondary closure, 
granulation tissue must also be excised 

During the past few months, a method of delayed closure of frankly con- 
taminated wounds has been cairied out that has given fewer infections and 
a much higher incidence of uninterrupted healing than was secured by the 
primary closure of such wounds with or without drainage Its employment has 
been largely confined to wounds contaminated during operation upon the 
lower bowel The method is not m any sense unique, since surgeons have, 
from time immemorial, packed wounds with various substances with the 
expectance of closing them latei, and it has been a common practice to pack 
wounds contaminated during appendicectomy without even applying sutures 

This method was first employed by us on a patient with a caicmoma of 
the sigmoid colon Previous to his entrance to the University Hospital, he 
had developed acute intestinal obstruction and an operation had been per- 
formed to relieve this obstruction The cecum had been delivered through 
a right rectus incision and he still presented most of the cecum in this wound 
when first seen by us The oi iginal incision was badly placed for resection of 
the lesion in the sigmoid, so an incision was made through the left rectus 
muscle and the lesion resected and an end-to-end anastomosis made Theie 
was, unfortunately, some contamination of the field during this procedure 
The peritoneum was closed with double No ooo plain catgut and the fascia 
closed with interrupted sutuies of a No 30 stainless steel wiie It was certain 
that the wound was contaminated both from proximity to the cecostomy and 
because of misfortune duiing the anastomosis It was decided to pack the 
subcutaneous tissue with flavine gauze, but to place fine silk sutures to be 
tied latei since it seemed inevitable that infection would occur Cultures 
weie taken which showed the usual intestinal flora The next day the pack 
was removed, cultures again taken, a biopsy secured fiom the wound and 
the sutures tied, thus securing approximation of the wound The wound 
healed without event Later the cecum was closed, returned to the abdomen, 
and the wound associated with this approximated in a similar manner, again 
with a good result 

Since then we have employed this method of wound closure, under similar 
circumstances, upon 21 patients, the details of which are shown in Table I 
As can be seen, we have seemed uninterrupted healing without infection in 
all except one instance, in ivhich a small abscess containing about i cc of 
pus appeared in the wound , this cleared up rapidly following evacuation of 
the exudate 

In all cases, the wound has been closed as described, namely, with con- 
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Table I 


TWENTY-ONE C\SES OF DELAYED CLOSURE OF CONTAMINATED WOUNDS 


No 

Name 

Diagnosis 

Operation 

Healing 

I 

A T 

P 0 carcinoma of sigmoid 

Closure of colostomy 

No infection 

2 

J M 

P 0 carcinoma of sigmoid 

Closure of cecostomy 

No infection 

3 

J M 

Carcmoma of sigmoid 

Obstructive resection 

No infection 

4 

A L 

Carcinoma of sigmoid 

Obstructive resection 

No infection 

5 

A L 

P 0 carcmoma of sigmoid 

Closure of colostomy 

No infection 

6 

E H 

Carcmoma of sigmoid 

Obstructive resection 

No infection 

7 

A H 

Perf diverticulum 

Obstructive resection 

Minor infection 

8 

A H 

P 0 diverticulum 

Closure of colostomy 

No infection 

9 

R C 

P 0 carcmoma of rectum 

Revision of colostomy 

No infection 

10 

A M 

P 0 carcmoma of rectum 

Bilateral herniorrhaphy 

No infection 

II 

L W 

Ulcerative colitis 

Right colectomy 

No infection 

12 

B W 

P 0 regional ileitis 

Closure of colostomy 

No infection 

13 

E K 

Fecal incontinence 

Closure of colostomy 

No infection 

14 

W K 

Perforated appendix 

Appendicectomy 

No infection 

15 

L L 

Regional ileitis 

Exclusion of ileum 

No infection 

16 

W G 

Biliary fistula 

Closure of fistula 

No infection 

17 

I D 

Fecal fistula 

Closure of fistula 

No infection 

18 

M M 

Ulcerative colitis 

Left colectomy 

No infection 

19 

T G 

Carcmoma of rectum with 

Combined abdominoperineal 




perforation 

resection 

No infection 

20 

J s 

P 0 perforated appendix 

Excision sinus 

No infection 

21 

M H 

PO carcmoma splemc flex 

Closure of colostomy 

No infection 


tinuous sutuies of fine catgut in the peiitoneum and mteirupted sutures of 
stainless steel wire in the fascia Various ways of applying the silk sutures 
to the skin and subcutaneous tissue have been tried but the near-far, figure- 
of-eight method has been found to be the most satisfactory The flavine pack 
need be only large enough to cover the denuded areas and is best applied 
in two portions, one from each end, to meet in the middle, because they are 
removed more easily than one long pack The method is shown in Figures 
I and 2 

The patients complain of very little discomfort at the time of the removal 
of the pack and the approximation of the wound when tying the sutuies 
When the pack is removed, it has been a uniform observation that the wounds 
appear dry and there is a certain stickiness to the surfaces that aids the 
closure Microscopic study of sections of the wound edges, at 24 houis, 
shoiNs an exudate which consists of fibrin, in the meshes of which are poly- 
morphonuclear leukocytes, wandering cells, some necrotic tissue and many 
young fibroblasts Several \vounds have been left for 48 hours before lemoval 
of the pack, and sections of the wound at this time show more fibrin, many 
more leukocytes and a definite increase in the number of fibi oblasts The 
characteristic reaction seen in the margins of the wound is shown in the 
photomicrographs in Figures 3 and 4 

Hoives, Sooy and Harvey® have described a “lag-period” in wound healing, 
during which time the wound has httle li any tensile strength This period 
lasts fiom four to five days and corresponds to the stage of exudative reaction 
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in wound healing The critical time for the wound, as far as infection is 
concerned must occur during the exudative reaction before fibroplasia begins 
DuMortier'* smeared Staphylococcus aureus haemolyhcus over the suture 
line of guinea-pig wounds at vaiious time intervals postoperatively, and 
found that, up to six hours, postopeiatively, the wounds were infected m 
100 per cent of the cases with many virulent widespread infections of the 
entire abdominal wall Twenty-four hours postoperatively, 66 per cent of 
the V ounds were infected , 48 hours postoperatively, 56 per cent infections , 
four days postoperatively, 10 per cent infections, six days postopeiatively, no 
wound infections, after six houis postoperatively, all wound infections were 
local and without systemic reactions It has been suggested that after coagu- 
lation of the fibrin occuis, the resistance of the wound is greatly increased 
because of the accompanying sealing off of the capillary and lymph spaces, 
tending to keep infection localized or below the clinical horizon Delayed 
closuie of contaminated wounds, such as described, must, in a similar way, 
cany the wound through this critical period, probably by aiding coagulation 
of the fibiin so that when the wound sui faces are brought together a more 
unfavoiable enviionment is present for the bacteria m the wound 

No additional benefit has been noticed horn leaving the pack in the 
wound for two days , and at present we are removing the pack and tying the 
sutures 24 hours after operation Cultures have been taken from the wound 
at the termination of the operation m ten cases, all of which showed domi- 
nantly B coU with fewer Staphylococcus aweus and Sti eptococcus anhaemo- 
lyhcus Cultures were also taken on the same wounds at the expiration of 
24 hours, and these were still positive with the same bacterial characteristics 
Consequently, the packing of the wound apparently has no bactericidal effect, 
although we cannot state that it may not have a bacteriostatic one 

Since the peritoneum and the fascia have been contaminated to the same 
degiee as the skin and subcutaneous tissue and these layers have not shown 
infection in spite of being closed by sutures, one might assume that they have 
a higliei degree of resistance to infection than has the subcutaneous tissue 
This observation and clinical experience suggest that infection in wounds of 
the abdominal wall frequently begin in the subcutaneous tissue and spread to 
deeper layers from this plane The low resistance of fat to infection is well 
known It is known that from eight to twelve hours usually elapse befoie 
infection supervenes in a contaminated wound, and it is possible that the 11 ri- 
tation of the gauze produces an early mflammatoiy reaction m the sub- 
cutaneous tissue that is protective and that inhibits the transition from 
contamination to infection 

Expel imental work to determine this point is under way We have neither 
tried the administration of sulfanilamide to these patients, although it may 
well be useful m those wounds contaminated by the Sti eptococcus haemoly- 
ticus, nor have we tried the local use of antiseptics, including washing with 
soap and water, as suggested by Jackson therefore, we cannot contrast these 

261 



COLLER AND VALK AnnalsofSurgerj 

methods with the one described It is obvious that contamination by certain 
virulent organisms, or by the common organisms, in patients with lowered 
resistance may give rise to sei lous infections if contamination occurs Judging 
fiom this limited experience, we believe that delayed closure of wounds of 
the abdominal wall may be helpful in the occasional case where contamination 
has occuried either because of the nature of the suigical problem or because 
of accidents in technic 


SUMMARY 

A method of delayed closure of contaminated wounds has been described 
with a report of 21 consecutive successful wound closures without serious 
infection 
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Discussion — Dr Deryl Hart (Durham, N C ) I aviII restrict my dis- 
cussion to the paper of Doctor Walters Fust, I want to emphasize that we 
do not considei contaminated an as the only souice of wound infections It 
assumes a position of major imjioitance only after other sources such as sup- 
plies, instruments, and skin have been eliminated 01 i educed to the minimum 
In oui own operating looms we believe that the air contaminated with patho- 
genic bacteria given off from the lespiratory passages of human beings was 
the gieatest souice of dangei to the open wound until steps were taken to 
lemedy this condition Since this hazard has to a large extent been lemoved, 
we have had a most sti iking improvement in our results, as indicated not only 
by reducing the infection rate in clean primary incisions from 4 per cent to 
less than i per cent, but there has been no seiious infection in such wounds, 
and the patients whose wounds did not show signs of suppuration have had 
much less local and systemic reaction The postoperative temperature ele- 
vations have been lower and of shorter duration 

There are wide variations in the number and type of organisms found in 
the air, corresponding to similar changes in the nose and throat flora of the 
occupants of a given area We rarely have many carriers of the hemolytic 
streptococcus, but the respiratory tract carriers of the StaphyloccKcus amcus 
have varied from 15 to 80 per cent of the general population On the basis 
of cultures of the air made m other operating rooms over the rauntry we 
feel that this distribution of staphylococci must be widespread Our wound 
infections were caused almost entirely by the hemolytic yellow staphyloco^us, 
a streptococcal operating room infection being almost unknown Inis 
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might be contrasted with the report of Walker from a teaching hospital in 
Boston where, during an epidemic of sti eptococcal sore thioats, appioxi- 
mately lo per cent of their operative wounds became infected with the 
hemolytic streptococcus 

During the fiist six years of the Duke Hospital, before instituting bac- 
tericidal radiation m the opeiatmg rooms theie was a total of 15,557 opera- 
tions During this time there were at least seven deaths fiom infections in 
clean incisions on the geneial and neurosurgical sei vices alone three extra- 
pleural thoracoplasties, primary stage, one extrapleural thoracoplasty, secon- 
dary stage , two craniotomies , and one radical mastectomy, all caused by the 
hemolytic Staphylococcus aw eiis During the next three years, ioj 4 months, 
or up to December i, 1939, out of a total of 23,213 operations, 1,062 clean, 
primal y opeiations and 105 clean secondaiy operations (reopened wounds), 
on tbe general, orthopedic, and neuiologic surgical services, weie performed 
111 a field of bactericidal radiation Even tbougb most of tbe larger operative 
procedures such as thoracoplasties, arthroplasties, bone grafts, laminectomies, 
craniotomies, venti al herniorrbaphies, etc , were included 111 these groups, not 
one of these patients died as a result of, or had his life seriously thieatened 
by, an infection m the wound During this same period one patient having 
a craniotomy and decompression perfoimed foi an mopeiable left cerebral 
glioma, when bactericidal radiation was not available, died of meningitis 
caused by the hemolytic Staphylococcus aw eus 

During the 12 months from November i, 1938, to November i, 1939, 
there were over 600 clean, pnmar)^ incisions made 111 a field of bactericidal 
radiation with only one postoperative wound infection of sufficient note to be 
diagnosed at the time of the patient’s discharge fiom the hospital This oc- 
cuired m a patient having a laminectomy immediately following injuiy, the 
operation being performed through skin which showed superficial abrasions, 
and deeper tissues which were contused and mfiltiated with blood In spite 
of such a condition of the skin, this infection was thought to be hematogenous 
since it came on nine days aftei the operation, and five days after a post- 
operative pneumonia with an associated septicemia, pyelitis, and cystitis, all 
caused by the hemolytic Staphylococcus aw eus On careful review of each 
of these recoids there were five other mild, or questionable, wound infections 
as follows 

(1) Herniorrhaphy — stitch abscess Maximum temperatuie 99 5° F 

(2) Craniotomy — stitch abscess 

(3) Open reduction old fracture dislocation of ankle, lengthening ten- 
don of Achilles Skin neciosis Infection limited to denuded and 
exposed area , joint not involved 

(4) Arthroplasty hip — vitalhum cup msei ted , and superficial drams — 
postoperative hemorrhage Infection limited to drainage tract, 
joint not involved — apparently retrograde infection from skin 

(5) Thoracoplasty, extrapleural — hematoma in incision, drained 
Considered not infected by those who dressed it, but a positive 
growth of Staphylococcus aw eus was obtained from the draining 
blood clot Second stage pei formed 29 days after first stage 

We feel that by gieatly reducing the numbei of viable pathogenic bac- 
teria 111 the air about tbe vound and sterile supplies, we have reduced our 
postoperative wound infections by over 75 per cent and greatly diminished 
their severity, at the same time improving wound healing following most of 
our largei operations 
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In regard to the woik of Devenjsh and Miles, it is my opinion that they 
weie dealing with a special condition Cultures of the skin of one surgeon 
consistently shovyed a heavier contamination with a more pathogenic strain 
of yellow staphylococci than similar cultures taken from the skin of another 
suigeon and other members of the operating teams With many punctured 
gloves, naturally, the surgeon with the more highly contaminated skin had 
the greatei peicentage of infected wounds since the hands cannot be com- 
pletely freed of organisms When the skin of a patient or his surgeon is 
known to harbor more vnulent yellow staphylococci as indicated by recurring 
30 i]s, opci 3 .tions of election should be postponed until such a condition can 
be eliminated 


Whether or not one considers the air to be an important medium for tians- 
porting pathogenic bacteria to operative wounds and whether or not one 
undertakes to lemedy the condition, one must not neglect other sources of 
contamination and must maintain a surgical technic which leaves his wounds 
111 the best condition for the body defenses to handle the bacteria which gam 
access Regardless of how aseptic conscious we may be and what measures 
we may employ, we have not yet attained such ideal conditions that we can 
operate with assurance that no pathogenic organisms will reach the wound 
Fortunately the wound that is in the best condition to handle the bacterial 
contaminants is also in the most ideal condition for healing 

Dr Roy D McClure (Detroit, Mich ) I would like to ask Doctor 
Coder whether or not he made anaerobic cultures in these wounds Dr W A 
Altemeier,'*' of our staff, has been taking both aerobic and anaerobic cultures 
from cases of peritonitis and wound infection secondary to appendicitis or 
intestinal surgery Mixed cultures containing as many as five to seven dif- 
ferent species of bacteiia were usually obtained by him The anaerobic organ- 
ism frequently predominated He has found the virulence of these bacteria 
m pure culture to be very low for laboratory animals Collectively, how- 
ever, three or moi e strains have a high degree of synergitic pathogenic action, 
producing large areas of cellulitis and gangrene when injected subcutaneously 
The treatment of such wounds with zinc peroxide, as advocated by 
Meleney, has been very successful in our hands, when combined with ade- 
quate drainage Perhaps part of Doctor Collei’s success was due to the in- 
hibitory effect of the air upon giowtb of anaeiobic organisms 

Dr Hugh A Gamble (Greenville, Miss ) I have been interested in the 
work of Miles and Meleney ever since then early reports Their work cer- 
tainly merits most careful consideration 

There is one feature in regard to infection of wounds which has not been 
brought out in the discussion this morning, and that is the prominent part 
played by droplet infection from talking over wounds during an operation 
Some two years ago, a Vienna surgeon reported a series of i,000 clean 
operations without a single infection He laid stress upon the fact that he 
felt that most infections of clean wounds weie due to inadequate niasking 
and unnecessaiy conversation over the patient He instituted, in addition 
to thorough masking, a non-talking technic applicable to everyone in the operat- 
ing room, using sign language only, and allowing no conversation to this 
change he gave full credit for his excellent results 

Shortly after reading this article we instituted a similar regimen m our 
services In the period of time since then, my brother and I hav^ erfom^ 
\V A The Bacterial Flora oFAcute Perforated Appendicitis with Peri- 
tonitis A Bacteriologic Study Based upon loo Cases A^XALS or Surgery, 107, 5 i 7 - 
528 April, 1938 
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approximately 3,000 clean operations and have had three wound infections 
in that number We are convinced that elimination of talking has played 
a major role in the reduction of infections of this character It is a technic 
easily learned and consists simply of the use of sign language for instruments, 
sponges, linen, etc 

Referring to Doctor Coller’s paper upon the method of treatment of 
vounds, we have advocated a similai pioceduie both m season and out of 
season during the last 16 years First, in 1924, I read a paper before the 
Mississippi State Medical Association advocating the leaving open of such 
wounds and also those more virulently infected than the ones Doctor Coder 
has shown In potentially infected abdominal wounds, particularly those 
associated with peritonitis, mtra-abdominal abscesses, intestinal obstiuction, 
gangrenous appendices, you are sure to have infections, principally with 
anaerobic organisms In the closed wound these infections find an ideal in- 
cubator and cultui e inednnn and spread m the fascial planes and between the 
skin and fascia with, at times, most astonishing rapidity and catastrophic 
results 

Before adopting the open treatment of the potentially infected wound 
I have seen a number of infections of this character, and reported before the 
Southern Surgical Association 12 cases of fulminating gangrene of the ab- 
dominal wall occurring in the closed or partially closed, potentially infected 
ivounds Leaving the wound open allorvs air, which is a specific for this type of 
infection, to reach all portions of it, and provides for free drainage Since 
adopting this plan of treatment for the potentially infected wmund, we have had 
no cases of spreading infection of the abdominal w^all 

In the type of case w^hich Doctor Coller reports we feel that he is right 
m closing It secondarily, but 111 the type of wound acutely infected with 
virulent anaerobic oiganisms, closing the wound after removing the pack is 
inviting trouble 

As to the manner in which the pack acts m its effect upon the w^ound it is 
our opinion that it has (i) A bactericidal effect, (2) it causes a reversal of 
the flow of lymph, and (3) it limits the spiead of infection by the formation 
of a barrier of inflammatory tissue 

We are definitely of the opinion that the mortality rate m acute mtra- 
abdommal catastrophes such as luptured appendices, gangienous cholecystitis, 
suppurative peritonitis and intestinal obstruction, etc , is more often due to 
anaerobic infection of the soft tissues of the abdominal wall and complicating 
sequelae than to any intra-abdominal pathology Since adopting the open 
treatment of abdominal wounds in such lesions, our moitality rate has been 
low^ered to such an extent that w^e have largely lost the diead of these con- 
ditions 

In a recent review' of the cases of geneiahzed diffuse peritonitis secondary 
to appendicitis. 158 in number, treated, since 1924, by leaving the wounds 
open, our mortality rate has been under 2 per cent 

Dr Frank K Boland (Atlanta, Ga ) I w'ould like to ask Doctor Elkin 
wdiether he has evei made cultui es of the catgut used m hospitals We steri- 
lize everything else, but accept catgut as being sterile Did he evei estimate 
the difference in cost between silk and catgut^ Silk is much cheaper, w'hich 
IS an important item, especially m a laige city hospital 

Dr Frederic W Bancroet (New' Yoik, NY) I think there is an- 
other souice of contamination of wounds that has not been mentioned Dr 
Kingsley Roberts, on my staff, a number of years ago took cultures of the 
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peritoneal cavity in presumably clean cases He would take the peritoneal 
stiip up very gencly, cauterize it and put in a small applicator and take a 
culture these were presumably clean wounds, but he had a 72 per cent cul- 
ture growth It IS my impression that nothing is sterile It is true that 60 
per cent of these were nonpathogenic organisms We must, therefore, con- 
sider that contamination may be present, and use gentleness and care as well 
as all the protective measuies we know These were cases of noninfected, 
clean celiotomies, such as hysterectomies for fibroids, chronic appendices, etc 


Dk Wm H Prioleau (Charleston, S. C ) I would like to cite briefly 
my expei lence with suture inateiial in thyroid operations For some years I 
used fine, plain catgut In a majority of the cases there was a discharge of 
serum fiom the w'ound Because of this objectionable feature I changed to 
the use of fine, black silk With it the healing was far superior, tliere being 
much less induration, and only, occasional!)', the drainage of serum How'- 
ever, in one instance of a severe wound infection, there resulted the extrusion 
of silk knots over a peiiod of months This foicibly brought to my attention 
that the satisfactory use of silk was based upon ceitain conditions over which 
I did not have absolute control — such as the operating room technic of rotating 
internes, some with no previous experience, and student nurses being coached 
by supervising nurses during the progress of the operation I next tried fine 
(No 00-000) chromic catgut which I have been using wuth satisfaction 
for several years It fills a midposition betw'een silk and plain catgut Theie 
IS a model ate amount of w'ound induration, but only seldom the discharge of 
serum In one case there was the extiusion of a few knots In case of in- 
fection, It gives no particular tiouble It is to be avoided subcutaneously as 
It sometimes foims small nodules or sterile abscesses 

I have found gieat satisfaction in the use of fine alloy steel wire in the 
repair of herniae, and the closure of celiotomy incisions, particularly in the 
piesence of infection In the presence of w'ound infection, it is preferable to 
silk in that the wore does not become extruded, nor does it act as a focus for 
sinus formation 


Dr W a Bryan (Nashville, Tenn ) It seems that everybody here agrees 
that we cannot get iid of bacteria I think everybody understands that All 
we can do is reduce them to as safe a minimum as possible Doctor Elkins, 
I think, said that the resident wdio had 82 cases in the hospital at Atlanta 
must have done something I am wondering if his result did not come be- 
cause he did not do something That is what I would like to talk about You 
know' that dead tissue is a much better culture medium than live tissue We 
know that traumatized tissue is a much better culture medium than non- 
traumatized tissue, and w'e know' that tissue m which there is poor circulation 
or no circulation, although it is still alive, is a better culture medium than 
where the blood is still circulating Everybody knows that Wounds of the 
face get well readily , wounds of the feet and various other parts of the body 
do not Some of us were brought up in the country and when w'e had to 
tie a pig we tied him tight so that he would not get loose , you had to tie a 
bag of oats so that it would not leak Now w'e brought that idea into the 
surgical field and in our overanxiety that the wound should hold w'e tied the 
sutures in it good and tight, tight enough to constrict the tissues, and stdl a 
little afiaid, w'e tied it still tighter and killed the tissues This offers a held 

in which bacteiia can grow if they get in 

As betw'een catgut and silk I use one sometimes and sometimes tlie dt ler 
I do not know' how' much difference there is I do beliCAe there is a ditter- 
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ence between large ligatuies and small ones, and also m masses of material 
introduced into the tissues If your assistant gets a wad of fat, or tissue, or 
ligament inside the forceps and you tie it tight enough it leaves a good site 
foi the culture to grow u ithiii the wound I wonder if one of the differences 
in favoi of silk as opposed to catgut is not the fact that silk will not stand 
the pull When you tie with silk you cannot bung it too tightly together 
because it will break And, in addition to all that has been done toward re- 
ducing the numbei of bacteria so far as possible and doing whatever you 
please, I think one of the keynotes is handling of the patient’s tissues gently 
and causing as little tiauma as possible Sutures should appioximate tissues, 
not constrict them 

Dr Charles C Green (Houston, Tex ) I have a very definite opinion 
about silk and catgut “ ‘Everyone to his own liking,’ said the old lady when 
she kissed the cow ” I have lived long enough to see this thing come up and 
go away and come up again We have heaid the older surgeons tell of the 
advantages of silk ovei catgut, then have heard them reverse themselves 
You could not make Alton Ochsner use anything but silk, but he has not 
lived long enough to see it come and go I think the most convincing argu- 
ment IS to check oui own results I took loo cases and used silk, and a second 
100 cases and used chromic catgut, and m my hands catgut was fai supe- 
rior to silk You know they tell you “Oh, yes, you do get a sinus or a fistula 
sometimes ” But they do not tell you they last for three or five or six 
months — that is passed ovei quickly I do not think you can den}’' the fact 
that the longer a foreign body stays in the tissues the more trouble it causes 
Catgut IS absoibed much more quickly than silk, consequently it is much less 
likely to cause infection, with sinus foimation, than does silk 

Dr Rudolph Matas (New Orleans) I fear that what I am about to say 
will sound like a very discordant note in this discussion It is the result of a 
recent experience in the Alihtary Hospitals of Catalonia during the later months 
of the so-called Republican regime m Spam I am referring to the method 
of treating compound war fractures of the extiemities which abounded in all 
the sui gical services and in fact had one entii e hospital exclusively devoted to 
their caie I remained m the Catalonian war zone for over two months while 
being delayed m the securing of passpoits foi relatives whom I wanted trans- 
fer! ed to safety m France 

As a nonpartisan American surgeon, concerned essentially m the medical 
aspects of the war, speaking the language fluently, with many old friends m 
the medical profession of the country, I Avas treated with every courtesy and 
given free access to all the hospitals and medical centers m the war zone 

I saw many practices, especially m the treatment of uar fractuies, which, 
111 the light of the present discussion on the importance of atmospheric con- 
tamination, vere amazing as sui gical heiesies 

I must say that whatever pieconceived notions I had of the tieatment of 
war wounds-^ei ived chiefly from the expeiience of the World War — were 
completely upset by what I saw m the Catalonian war zone The military 
and civilian hospitals m Baicelona alone, wheie over 5,000 wounded were 
undei tieatment, m Gerona, likewise, crowded Avith wounded who were being 
rushed m cai loads fiom the battle fiont on the Ebio and the Segre, provided 
an inexhaustible clinic for the study of the most varied war wounds 

The patients aa ei e all young men, the floAver of the youth of the country 

batteied crushed or ciippled from the effects of rifle, machine gun, shrapnel, 
shell and aerial bomb explosions — a fearfully ti agic sight to contemplate 
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My most interesting experience was at Banolas, near Gerona, where an old 
monasteiy had been transformed into a base hospital exclusively devoted to 
war fractures — except those of the skull with brain injury, which were re- 
feiied to Neurosuigical Sei vices m other hospitals I never imagined that 
one could see such an aggiegation of fiactures as I saw assembled at Banolas 
ihere weie great halls m which seveial hundied fiactured men were tieated 
in sepaiate divisions, classified according to the anatomic seat of the fiactuie 
In one ward devoted exclusively to fractuied feiinas, theie weie 75 01 more 
patients undei tieatment, as many, or more, ni other divisions for fractured 
legs, and even more numerous m wards for fiactured shoulders, arms and 
forearms What an incomparable but lost oppoitumty for the education and 
training of a school of young surgeons was the thought that frequently re- 
cuired m the piesence of this immense mass of tiaumatized bones and joints' 
The fractuies of the jeiniii , all compound (theie were no “simple” fractures 
m warfaie), often multiple, and comminuted, with great lacerations of the soft 
paits, commanded special attention, not only because of their gravity, but as 
tests of the efficiency of the revolutionaiy methods of treatment adopted in the 
Catalonian hospitals m which antiseptics wei e totally discarded The Carrel- 
Dakin treatment had been tiled unsuccessfully and abandoned early in the 
war With the great ciowdmg of wounded and inadequate trained help, the 
iigoious application of the method had pi oven ineffective, especially since the 
simplified technic based on the pioceduies of Winnett Orr (of Lincoln, 
Nebiaska) and Lorenz Bolder, of Vienna, enormously simplified the care of 
the wounded and yielded bettei results The only relic of the World War 
that remained in the piactice of this wai was debndemeut, which was the 
initial pioceduie in all cases, aftei hemonhage and shock had been attended to 
m the casualty stations and field hospitals The greatest stress was laid upon 
the excision of all dead, dying 01 doubtful tissue and the reduction and setting 
of the fractures under the fluoioscope or by radiographic control, while the 
limb was kept in complete extension on a suitable fractuie table (Putti’s, 
Bohler’s, e(c ) While in full extension, under general or spinal anesthesia, 


the wound was packed with plain sterile gauze so as to reach and dram evcty 
lecess 01 pocket wheie the wound secretions could accumulate With the 
fractuie set, the wound packed and the limb in full extension, a plaster encase- 
ment was applied in hand-molded gauze-plaster sections (not rollei bandage) 
directly in contact with the skin and the wound without any interposed stockinet 
or padding of any soit, in ordei to prevent any possible motion under the 
plastei The limb, thus thoioughly encased m a close fitting spica, extended 
from the foot to the waist, including the pelvic girdle By this procedure, 
the plaster received the discharges from the wound directly, and soon be- 
came soaked with them, but the plastei dried and was not removed for 
three or more weeks, unless theie was evidence of abscess or spreading in- 
fection, or gas gangrene, an extremely raie event After the second week the 
patients weie encouraged to move out of bed with the help of a walking stick 
The number of patients with fractured thighs who were seen walking about 
the grounds in then full-length plastei spicas, with only the help of a walking 
stick — all seemingly lively and happy — ^is one of the strange sights that greete 
me on entering the hospital grounds 

Theie seemed to be univeisal agreement on debndement, reduction under 
mechanical traction and anesthesia, controlled by radiograms or the mioro- 
scope, with packing of the wound, free drainage into a completely closed and 
immobilizing plaster encasement, which was allowed to reimm, ni n » cCi lou 
change, until the healing of the wound had advanced sufficiently to become 
protected by granulation, against secondary infections 
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CONTAMINATED WOUNDS 


While the fundamental principles of the fracture treatment were the same 
in all the Catalonian hospitals, theie were diffeiences in the methods of le- 
ducmg and setting them 

Dr F Jimeno, the chief at Banolas, a most devoted pupil of Bohler, of 
Vienna, and thoioughly trained m his methods, resorted to skeletal traction 
with Kirschnei’s wire and stirrup tractors, Schmerz's tongs and Steinman’s 
pins — m fact, his wards could have passed easily for a German military clinic 
except for the patients, who spoke Spanish As a lule, he resoited to gradual 
reduction by skeletal traction before packing and encasing the limb in plaster 
Dr Joseph Trueta, chief of the State Mihtaiy Hospital, in Baicelona, 
avoided skeletal traction and depended, for reduction, on mechanical exten- 
sion, availing himself of the open wound and debridement to secure the most 
perfect apposition of the fragments After packing, the immobilization of 
the limb followed with the plaster encasement applied during extension At 
first, the wound was packed with vaselmed stiips of gauze as applied by Oir, 
but the vaseline gave out and the sterile gauze, alone, was used Thei e v ei e 
few cases in which primary suture of the wound had been attempted All 
wounds, with few exceptions, that weie brought m ten oi more hours after the 
injury were enclosed m the plaster encasement without suture, secondaiy 
sutures being applied after the wound had become healthy and filled with 
granulations 

I had an oppoitumty to see seveial plastei encasements removed fiom 
arms and thighs after they had been m sitv for from 15 to 21 days The 
stench of the soiled encasement was nauseating A magma or mush of de- 
composing pus, wound secretions, including sweat and othei matter, coveied 
the surface of the wound under the plaster bandage But after wiping this 
off with warm water and soap, and when the packs wei e 1 emoved, I was sui - 
prised to see the excellent, healthy, pink, well-granulated appearance of the 
wounds, coupled with a very satisfactory condition of the patients — no fever, 
no pain, good appetite, etc This was indeed a revelation which I had not 
anticipated Why, no acute streptoccocal infections, little or no tetanus, gas 
gangrene, etc , was indeed an extraordinary fact which many theories attempt 
to explain, but are too long to occupy our attention now Suffice it to say that 
when fresh wounds are relieved of all dead or devitalized tissues, they are, 
when put to complete rest, quite able to take care of themselves without the 
aid of antiseptics, which (when truly bactericidal) hinder the normal repro- 
duction of the tissue cells and weaken their defenses At any rate it would 
seem that a symbiotic existence is possible between the normal tissue cells and 
the saprophytic bacteria and othei pathogenic oiganisms that gather under 
cover of a plaster encasement In fact, if there was one essential for the suc- 
cessful treatment of fiactures, it was plaster of pans By the close of the war, 
plastei had risen to the level of an apotheosis m surgical esteem 

While m Banolas, Doctor Jimeno kindly gave me a statistical summary of 
his experience 111 6,000 fractuies which had been treated under his diiection 
since the beginning of the war, of which 500 weie fractuies of the femur, 
which had been treated with a total mortality of 16, or 3 2 pei cent ' There 
were five amputations — ^four necessitated by septic infection, and one by gas 
gangrene which had appeared before admission to the hospital 

Doctor TruetaT m his little monograph on the treatment of war v ounds, 
was the first to formulate the Catalonian method on the basis of Wmnett Orr’s 
teachings, which he practiced early in the war vith most satisfactoiy results 

* Joseph Trueta, D Treatment of War Wounds and Fractures (English lersion) 
1939 Hamilton, Publisher, 90 Great Russell St , W C , London 
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In 1938/ he published a recoi d of 605 war fractures, of which 42 were fractures 
or the femur, without amputations or deaths In a more recent paper fab- 
stracted m the Lancet London, December 2, 1939) he states that during the 
war he treated 1,073 fractures of all sorts by the same principles previously 
described, with less than o 75 per cent requiring the premature removal of 
the plaster encasement because of unexpected complications 

Statistical compilations of the expeuence of the military surgeons attached 
to General Fianco’s armies have not yet been collected m sufficient number 
for general comparison with the Catalonian statistics, but since the majority 
of the Spanish sui geons have been influenced by Bohler’s teachings, the figures 
of the Victoria Base Hospital, reported by Captain Arguelles Lopez (Revista 
Esp d Med y Cirugia de Gueria, i, September, 1938) are comparable to 
those of Dr Jimeno at Banolas Thus at Victoria (a Franco hospital) there 
were 252 fractured femurs, with 20 deaths, or a mortality of 7 9 per cent , and 
amputations 13, or 5 i per cent 

This experience, I think, is well woith recording, if only as a contrast to the 
discussion we are now engaged in Here, everyone is concerned with keeping 
geims out of rvounds, but despite the great progress accomplished, the best 
minds are still exeicising their wits to dfcvise means and methods to keep 
them out of the atmosphere There, at the war front, rude experience im- 
posed by necessity seemed to discount the importance of germs, provided the 
living tissues were allowed to fight their own battle unencumbered by the 
bodies of dead or dying tissues, and kept undisturbed and protected m the 
process of repair and reproduction from tempestuous manipulations and de- 
structive germicidal irrigations by absolute fixation in plaster 

It IS true that the smell emitted by these patients while their plaster en- 
casements weie ripening was somewhat of a shock to sensitive nostrils But 
when I saw them get well, with their wounds healed, I realized that “not all 
cheese that smells bad, is bad ” 


Dr Daniel C Elkin (Atlanta, Ga , m closing) In answer to Doctor 
Boland’s query as to sterility of the catgut it has been that which meets the 
requirements laid down by Meleney for sterilization 


Dr Frederick A Coller (Ann Arbor, Mich , in closing) In answer to 
Doctor McClure’s question whether we took anaerobic cultures or not, I will 
say that we did not take cultures of this type The suggestion is an excellent 
one and it may well be that exposure of the wound to air for 24 hours raaj'^ 
play an important part in minimizing or abolishing the growth of anaerobic 


bi^ctcris. 

I am very glad that Doctoi Gamble has discussed the paper, as I am sure 
all of us are indebted to him for the work he has done on the handling of 
contaminated wounds For many years, I have followed his advice to leave 
the wound wide open after severe contamination following operation for 
acute appendicitis with peritonitis In the type of wound that I discussed, 
howevei, it is highly desirable to preserve an intact abdominal wall if possible 
and, therefore, we have closed the peritoneum and the fascia, leaving tbe pacic 
only in the subcutaneous tissues I wish to emphasize again that we do ieei 
that this method will be universally successful as it, obviousl}^, wi fail 1 
many instances in which the organisms are particularly viru en o 
lha-e IS a low tissue les, stance However, we do feel that it may well prev^i 
severe infection in a certain number of rvounds that would become i 
were they closed in the usual manner 
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The fundamental principles undei lying the application of bacteriology 
to surgeiy were early recognized as basic, therefore, they have undei gone very 
little change since their introduction by von Bergmann ^ Refinements and 
modernization, howevei , keep these principles constantly before the operating 
room personnel and tend to make foi moie accurate and more careful opera- 
tive technic in the performance of the necessary surgical procedure with a 
minimum of trauma and without undue prolongation of the operation 

The contamination of wounds by bacteria, aside from those wounds in 
which, because of tbe disease fiom which the patient suffers, bacteria escape 
into the tissues either from the gastro-intestmal tiact or infected regions, 
may lesult by direct introduction of bacteria into the wound It is obvious 
that the condition of the wound will have a profound effect on the develop- 
ment of these contaminating agents In this regard a few simple, yet funda- 
mental, facts should be at once obvious Tissues whose blood supply has been 
cut off or which have been devitalized by trauma offei an excellent medium 
for the development of bacteria, live, noimal tissue is by natuie resistant 
For this reason pieces of tissue which are cut off from a blood supply should 
be lemoved If air spaces are present in wounds, either hoiizontally or 
vertically, they offer oppoitunity for accumulation of serum and exudates 
which fuinish an excellent bacterial medium Wounds which aie dry usually 
do not permit the development of bacteria as rapidly as wounds which are 
wet, hence, oozing should always be thoroughly controlled 

Aside fiom these items, which are entirely in the hands of the surgeon, 
there is another gioup of important sources of contamination First and 
foremost is the introduction of bactena into the wound Meleney,” in re- 
poiting a mne-yeai study of infection in clean operative wounds, listed the 
possible sources of contamination in the following ordei (a) The nose and 
throat of the operating personnel , (b) the hands of the operating personnel , 
(c) the skin of the patient, (d) the air of the opeiating room, and (e) the 
instiuinents and mateiials used m the operation 

The Nose and TJnoat of the Opeiattng Personnel — In 1930, Walker,^^ 
in studying the incidence of hemolytic streptococcus infections in a hos- 

*Read before the Fift} -second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1939 
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pital in a siibuib of Boston, found that m a senes of deaths due to 
hemolytic stieptococcus infections following operations on patients who 
should have had clean wounds, 50 per cent of the nursing personnel of the 
hospital and thiee of the six people associated with these operations were 
cariieis of hemolytic stieptococci Following the suspension of operations 
foi a week, the elimination fiom the operating room of those found to have 
hemolytic stieptococci in the nose or tin oat and the use of a geim-proof mask 
woin over both the nose and mouth by most of the personnel, not a single 
instance of hemolytic stieptococcus infection occuned Another series of 
wound infections occuned m near-by hospitals, some of these infections were 
due to hemolytic stieptococci During this epidemic, the results of a study 
of the customaiy causes of infection were negative However, cultuies of 
the nose and mouth of each suigeon, intein and nurse revealed a large num- 
bei of earners of hemolytic streptococci One or moie of these carriers had 
been closely associated with the operation upon the patients infected with the 
hemolytic stieptococci Walkei said “Again, study of the masks revealed 
that they weie woefull)' inefficient, as far as the}' could be considered germ- 
proof In the absence of other positive evidence, it seemed fan to deduce that 
this epidemic of stieptococcus infection was probably due to streptococcus 
cat riei s inefficiently masked ” Walker was, therefore, convinced that direct 
contamination of the wounds occuired fiom the nose and throat of the operat- 
ing personnel 

In studying seven different masks he found that none of them could be 
consideied geim-pioof Walker advised inserting betw'een the gauze meshes 
a piece of thin lubber similar to that used m lubber gloves, a piece of lubber 
SIX inches squaie is incorporated betw'een two layers of gauze ten inches square 
In the uppei pait of the mask he incorpoiated a piece of aluminum which 
could be bent to fit the nose of the individual He stated that the mask had 
pioved to be germ-pioof 

The lecent contribution of Hait and Schiebel' on contamination of air 
led these observers to believe that there is a definite correlation between the 
type and number of organisms found in tbe air of a given room and m the 
noses and throats of a group of regular occupants of that room These 
authors said that “the number and type of colonies cultured from material 
taken from the nose and tin oat seem to paiallel more nearly the number and 
type of colonies cultured from sediment from the air ” 

The following comment appeared in an editorial on operative sepsis in a 
recent issue of the British Medical JournaF ‘ Hart s exhaustive studies do 
not explain how pathogenic staphylococci get into tbe air of his theatre in spite 
of all his earlier precautions These included not only the frequent washing 
of the room, the piovision of filtered air, the w'earing of large, heavy masks 
by all occupants (whether an operation was in pi ogress or not), the exclusion 
of staphylococcus throat cairieis, but even the imposition of silence on all 
occupants Any one of the last three of these measures, faithfully carried 
out, might be expected to pi event contamination of the air from the throats 
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of the theatre staff, yet, according to Hart, this was the source of infections 
which continued in spite of adopting all of them ” 

The Hands of the Opejahng Pei sonnet — Devenish and Miles/ who studied 
various sources of contamination of wounds by Staphylococcus aweus, placed 
great emphasis on the role played by direct contamination of the wound 
through needle holes in punctuied rubber gloves These observe! s found 
that puncture of a glove was a very common accident The incidence of 
puncture m 6,585 patched and unpatched gloves was found to be 24 pei cent, 
while in a second and third senes of tests of unpatched gloves worn by 
surgeons, chief assistants and instrument nurses 14 5 per cent weie punctured 
The editorial m the British Medical Jouinar^ furtliei stated “The task of 
Devenish and IMiles was made easier by the fact that most of then unex- 
plained sepsis followed operations by a particular suigeon He was found 
to be a skin earner of Staphylococcus aweus, and large numbeis of these 
COCCI were found 111 the sweat inside his gloves , they are presumed to have 
reached operation wounds through small perforations in the glove ’’ It was 
the opinion of Mr Devenish and Piofessor Miles, as well as that expiessed 
by the wntei of the editonal, that this was the true explanation of this par- 
ticular series of wound infections 

The Skin of the Patient — In spite of all of the labor that has been spent 
to de\elop a peifect antiseptic it is not yet possible to apply an antiseptic 
to the skin and sterilize it completely Many investigations have been earned 
out, the sum total of which demonstiate conclusively that by no piocess yet 
known is it possible to sterilize the skin completely thioughout the layeis 
which are cut by the suigeon’s knife Without wishing to entei into the con- 
tioversy as to which is the best skin antiseptic, it should be evident that at 
least three piopeities should be present in the antiseptic It should kill bac- 
teiia in a leasonably short time, it should not be neutiahzed by the presence 
of small amounts of serum, fats, soaps, or oils, and its effect should last at 
least thioughout the operation and piefeiably for seveial hours aftei the 
closure of the wound It goes without saying that the antiseptic should not 
be an iriitant to the skin There aie a great number of skin antiseptics which 
kill bacteiia m a short time, but on the basis of the stability of these anti- 
septics in the piesence of protein and their duration of action, the choice is 
gieatl}^ limited 

After many experiments it w^as decided that the antiseptic wdiich most 
iieaily fulfills the requirements at the present time is tinctuie of merthiolate, 
this agent, therefoie, has been used in prepaiation of the skin In order to 
test the ability of tmctuie of meithiolate to act for a long period of time, plates 
whicli contained 5 pei cent of human serum in agar were exposed in a room 
occupied by several pei sons One-half of the surface of the medium in the 
plates w'as painted with tinctuie of meithiolate The plates were exposed 
foi foul hours, then closed for 12 hours, then exposed for two more 
houis, aftei which they w’ere incubated No colonies grew' on the side pio- 
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tected by tinctuie of merthiolale wlule numerous colonies appeared on the 
othci side Ibis indicated that tincture of merthiolate in the presence of at 
least 5 pel cent of serum will retain its activity for many hours This is an 
nnpoi tant consideiation in the preparation of the skin 

T/ie In^humeuts and Mateuah Used in the Opeiations — In 1932, Dandy^ 
called attention to the importance of more adequate sterilization in hospitals 
He said that in his experience the time generally thought to be satisfactory 
for sterilization of mateiials in an autoclave was unsatisfactory and he advo- 
cated sterilization m an autoclave foi one houi with a constant pressure of 
not less than 20 pounds Meleney found that steiilization for 30 to 45 minutes, 
and piolongmg the evacuation time at minus 10 to 15 minutes, was sufficient 
to kill oiganisms and spoies, whereas pnor to his investigation a sterilizing 
tune of 30 minutes at 18 pounds of pressure had been pieceded b}' an evacua- 
tion of an just sufficient to reach minus 10 for a few seconds With this 
amount of evacuation of an he found that it took an hour and a half to kill test 
oiganisms, consistently, m the center of the cential dium, and this period of 
sterilization fiequently scoiched the materials and softened the gloves The 
change m sterilization was followed by inability to obtain growth of organisms 
fiom the mateiial autoclaved It, therefore, is apparent that unless tests are 
made at fiequent intervals to determine the efficacy of the method of steriliza- 
tion used for autoclaved materials, such materials offer a possible source of 
wound infection J\'Ir Devenish and Piofessor Miles, in their studies, found 
that when the skin of a suigeon was infested with Staphylococcus ametts the 
organism would pass thiough the sleeve of the suigeon’s operating gown, 
if it had been moistened by peispiiation 01 any other cause Although such 
souice of infection can be indirectly attiibuted to materials used m the 
operation, m reality, it is the skin of the staphjdococcus carrier In discussing 
instruments “sterilized” in antiseptics as a source of infecting oranisms, 
Meleney said that “the sterilization of sharp instruments such as knife blades, 
scissors and needles, as well as syringes, buttons, silkwoim gut, and catgut 
tubes has been a real pioblem Lahey found that soaking for 15 minutes 
m 50-70 per cent alcohol, which Meleney'^ states was the former method he 
had used, was entiiely inadequate to destroy even the commonest organisms ” 
Meleney said that “now these instruments are eithei boiled or soaked in pure 
caibolic acid foi 15 minutes and the Bard-Parker germicide is still being used 
for the sterilization of the catgut tubes which contain the nonboilable variety 
of gut ” 

The An of the Opeiatmg Room — Since attention has recently been given 
to air conditioning it is not peculiar that attention should be directed to the 
possibility of air-borne infection in the operating room This is the situation 
which has always been recognized as a possibility but it is fair to state that 
even to-day a careful evaluation of the facts has not been made In recent 
years, a number of attempts have been made to air-condition operating 
rooms not only in regard to bacterial content but also in regard to temperature 
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and moisture Sufficient evidence has been brought forward to indicate that 
the bacteria in the nose and throat of the operating team and of the gallery 
have distinct possibilities m regard to the infection of wounds It is obligatory 
upon the individuals to cover the oral and nasal orifices with adequate masks 
It IS further obvious that the operating room should be stripped of all un- 
necessary equipment and that it should be kept scrupulously clean It is not 
too much to expect that the walls, at least as high as the head, and all fixtures 
should be washed with a damp cloth at least once a day, and that the flooi 
be sponged with a- damp mop Then if the doois and windows are kept 
closed one should expect that standard plates of agar medium, set m the room 
in the absence of occupants, will yield not more than five colonies of bacteria 
per hour, but as the load of the room is increased the number of colonies on 
the plate will increase There are other factors which will increase the bac- 
terial content of the lOom, particulaily the site of the loom in relation to 
currents of air and the velocity of the wind outside Under conditions of 
dust storms, thousands of bacterial colonies may develop m a single hour 
on an agar plate in an operating room, and undei these conditions the room 
should be closed except for emergency operations It is the general pioperty 
of bacteria that they settle fiom the upper to lower strata and eventually to 
the floor Bacteria which originate in the nose and throat are not often 
found above the six-foot level and they filter down to the flooi In oidei to 
avoid the falling bacteria, which originate in the gallery, fiom reaching the 
operating room some suigeons have had canopies built over the operating 
table In oui on n 'hospital we have for years had canopies built over the 
instillment tables, and test plates placed on top of and under the canopy 
clearly reveal the fact that the canopy offers an enormous protection to the 
instruments 

Professor Cairns,- m bacteriologic research at Oxford, studied bacterial 
infection which occurred duiing mtracianial operations and found that Sta- 
phylococcus am eus accumulated at the average late of o 7 colonies per hour on 
Petii dishes measuring 9 cm m diametei (about the same size as the portion 
of brain exposed) during 27 operations, lasting from one and one-half to 10 
houis, the average time being foui hours ^ Two of the 27 patients died of 
other causes soon aftei operation “Of the remainder, all had first-intention 
wounds and no sepsis, except two One of these developed osteomyelitis, due 
to a Staphylococcus olbus infection of a bone flap, aftei a ten-hour operation 
foi removal of a large meningioma of the falx, the infection began in the 
bone, and theie w^as no tiace of infection in the meninges, the bone flap had 
to be sacrificed befoie the wmund finally healed The othei patient, fiom whom 
a fiontal astrocytoma w’^as removed, had a first-intention w^ound and no trace 
of meningeal infection, but fluid accumulating beneath the galea aponeurotica 
(iemo\ed wnth an aspiiating needle and syiinge) showed a growTh of 
Staphylococcus albus This patient made a satisfactory recovery ” 

* Air was pumped into the operating room through a filter of oil and a wet screen of 
dettol Dettol was sprajed into the air at mterials during the operation 
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Mr Devemsh and Piofessoi Miles studied the number of bacteria in the 
air of a standard operating room under ordinary circumstances and found 
that on a plate 12 square inches in area, approximately the size of the average 
exposed operative field, 03 colonies of Staphylococcus aiaeus appeared per 
hour They said “This is the best ar^ailable estimate of the continuous risk 
of infection by aw cus from the air, though it must vary with the state and staff 
of the theatre The aiea of an opeiation exposure is usually about 12 sq in 
and the diiect settlement on it of one oiocifA-beaiing particle every three hours 
is not an obvious danger ” To this they have added, by estimation, the num- 
bei of these oiganisms which might have settled on instruments, swabs and 
gloves and which might be intioduced into the wound They expressed the 
opinion that the total area of wound and objects introduced into it will not be 
more than 432 squaie inches, which is 36 times the aiea of a plate used for 
culture On this basis it is possible that 03 times 36, or ii of these particles, 
may be intioduced into the wound every hour Mr Devemsh and Professor 
Miles concluded that if each particle consisted of 20 cocci they would be 
unlikely to settle in one part of the wound and the odds against an inoculum 
of 20 cocci getting a foothold m relatively healthy tissue must be high They 
said that “the laiity with which very small doses of known pathogens can be 
made to infect susceptible animals, even after passage, makes it unlikely on 
a p)wu giounds that out cus infection would occui readily in such circum- 
stances We have, howevei, no direct evidence on the point Aside from 
these speculations we have evidence that the air was not lesponsible, for, 
whereas its average am cuj-content remained constant, the suppuiation dis- 
appeared, although no attempt was made to pi event the access of air bacteria 
to the operation wounds In any event, the constancy of infection at the 
outset of this investigation suggested a source of ameus more constant than 
the air pi oved to be ” 

Professor Can ns said “Hart,® ^ (1937 and 1938), who has made a care- 
ful study of the bacteriology of opeiatmg looms, has found that the number 
of bacteria m the atmosphere vanes directly with the number of people 
present, and he has concluded that the bacteria arise from the noses and 
throats of the people m the theatre, notwithstanding efficient masking An 
alternative possibility exists that the bacteria are present beforehand in par- 
ticles of dust, and that the presence of the people stirs up the dust There are 
evidently considerable local variations in the flora of operating theatres , for 
example. Hart at Duke University, North Carolina, found as many as y 8 
colonies of Staphylococcus auicus per hour on a plate of blood-agar, and 
most of his infected cases of thoracoplasty were due to this oigamsm (Hart 
and Gaidner, 1937), whereas m London the highest figme we obtained for 
Staphylococcus aiu cus was 3 6 colonies per hour, and most of the intracranial 
infections were from other organisms ” 

Experiments which we have performed m especially constructed rooms 
indicate that where proper filtration is introduced into the m-coming air the 
loom may be made essentially sterile, only a few colonies of bacteria develop- 

276 



volume 112 BACTERIAL CONTAMINATION 

Number 2 

mg on plates exposed for 24 hours This type of expei imentation and prac- 
tical application has been extensively used by Reyniers, who has raised mam- 
mals under completely sterile conditions His system now m use in the 
Cradle has demonstrated the low bacterial content of air which can be 
maintained by proper filtiation systems 

Recently, attempts have been made to sterilize the air of the room by the 
use of ultiaviolet rays It has been known for some time that ceitam wave 
lengths m the ultraviolet series will kill bacteria, but it has never been pos- 
sible to isolate, completely, light waves which will at the same time pioduce 
no eiythemic reaction of the eyes and skin For this reason, ceitam precau- 
tions must be taken by the opeiatmg force to protect themselves as well 
as the patient from these rays Wells and Wells,^- expressed the opinion 
that the ultiaviolet light sterilizing unit should be directed towaids the ceiling 
and that under these conditions no protection of the eyes or skin is necessaiy 
They endeavoi to sterilize the general air of the room, not the specific opeiative 
field, as Hart has attempted to do Hart has suggested that these rays be 
placed, first, 111 relation to the field of operation and, second, in certain paits 
of the room to steiilize the air of the entiie room In spite of several analyses 
of results which have been obtained, it does not yet appear perfectly clear 
what the function of these lays has been in the series of cases leported 
Certain experiments which we have performed, as well as those performed 
by the oiigmators of the lamp, suggest that the rays are effective only under 
the most limited circumstances For example, Rentschler^® and his asso- 
ciates, the Westinghouse Electric Company, the oiigmators of the lamp, have 
stated that the atmospheric dust and grease will coat the glass tubes m which 
the light IS enclosed so quickly, that before each set of experiments is per- 
formed the tubes should be wiped with alcohol The penetiation of the 
rays is clearly stated to be extiemely shallow, so shallow, indeed, that a layei 
of muslin, glass, gelatin, seium, or water will pi event the killing of bacteria 
Any solid object placed between the light and the area desiied to be kept 
sterile will lesult m a failure, since the rays will not travel aiound or through 
the solid object The rays work best m a diy atmosphere, and high moisture 
content gieatly lessens their killing effect In addition, since the humidity of 
the operating 100m must be kept high to prevent static sparks, when inflam- 
mable 01 explosive anesthetic gases are used, the rays are forced to work 
undei the most unfavorable cii cumstances The series of expei iments which 
w e have performed, in wdiich the bacteria have been coated wuth a thin layei 
of gelatin, ha\e resulted in then almost complete protection This is also 
tiue wdien bacteria are coated wnth human blood serum In order to demon- 
stiate quick killing of bacteria, the originators of the lamp have found it 
necessaiy to conduct then experiments in small, closed boxes, the bacteria 
held in suspension in w^ater are sprayed into the box wheie the light is con- 
fined in very close quartei s Even under these conditions, investigators have 
not been successful in obtaining absolute sterilit} As a matter of fact, the 
expeuments show' that under the best conditions possible only 90 per cent of 
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the bacteiia aie killed It should be pointed out that these conditions aie so 
aitificial that they aie nevei simulated in the operating room, and when one 
lemembers the way the opeiating field is shadowed by the heads and shoulders 
of the opei atmg crew it is difficult to see how one can arrange a lamp in such 
a way that its lays may protect the patient fiom bacteria which might fall into 
the wound Rentschlei did not obtain killing of Staphylococcus aitieus until 
aftei 15 minutes exposuie at 12 inches from a 30-mch lamp 

Tests which we have peifoimed with the ultiaviolet light have indicated 
that, unless the bacteiia aie exposed foi long peiiods of time, at close range, 
to the light, and then without any coating of sei um, gelatin, or agar, there is 
little 01 no killing to be demonstrated More 01 less dry bacteria, exposed 
m confined regions, are readily killed 

Comment — We should like to quote fuithei from the aiticle of Mr 
Devenish and Piofessor Miles because it expresses an opinion which at the 
piesent time seems to be a reasonable one “A precise definition of the infec- 
tion iisk from the different souices of Staphylococcus aureus is impossible 
Nevertheless, the staphylococcal history of suigeons A and B in the 
opeiating theatie strongly suggests that the mam dangei lay in the aiueus 
infestation of A’s skin entering the operative wound through puncture holes 
in his rubbei gloves Wells and Wells (1936, 1938) have, during the past 
few yeais, emphasized the impoitance of the air as a vehicle of pathogenic 
bacteria, and Hait (1937) has advocated the sterilization of the air in operating 
theaties by ultraviolet light Without minimizing the impoitance of the 
Wells observations or denying the efficacy of Hart’s method of sterilization, 
it IS questionable whethei postoperative Staphylococcus aiaeus suppuration 
IS necessarily due to an -home cocci Oui expeiience is limited to one suigical 
unit, but the sti iking decline of the sepsis-iate, in the face of a continued 
am eus menace in the theatres, suggests that, in othei cases, the improvement 
due to a greater nicety of operative technic may have been wrongly attributed 
to the elimination of air-boine pathogens (To this we might add the appar- 
ent superiority of one type of sutuie mateiial or ligatuies over another ) 
Halt, in his latest report (1938), attributes his avoidance of sepsis to 
‘Meticulous operating room asepsis, development of a delicate atraumatic 
technic, and the use of the least irritating suture mateiial’ besides ‘the elimina- 
tion of an -borne contamination’” 

There is no doubt but that the bacterial content of air in an operating 
loom increases with time and the number of persons present, yet no special 
con elation can be demonstiated between the number of infections and the 
ordei of operations perfoimed in any given 100m Even yet we do not know 
the exact source of these bacteria or their significance in regard to wound 
infection It is evident, however, that direct introduction of bacteria into a 
wound by a nonsteiile instrument 01 material, the excretions from noses and 
mouths of the persons close to the wound, or by sweat from the hands of the 
operating team thiough punctures of gloves, aie of tiemendous significance 
and an effoit should be made first to correct these failures befoie turning to 
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the sterilizing of the air of the room If some effort is indicated m this 
regal d a s)^stem of air filtration should be tiied but one may not expect to 
reduce operating room infections greatly until aftei the first enumerated 
sources of infection are controlled Lastly, as has been stated m the Biitish 
Medical Journal “If Hait is wiong about the source of infection in his cases 
but right about the beneficial action of his lamp, does this lamp actually kill 
staphylococci in the wound itself This is a matter which it should be fairly 
easy to investigate 
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The healing of a wound is the most important factor m the attainment 
of good siirgeiy This is tuie not onl}' of wounds caused by violence and 
trauma, but moie particularly those made by the suigeon himself Whipple^ 
has stated “A suigeon’s percentage of clean-wound healing is not only a 
measuie of asepsis, but it is an index of his entire surgical philosophy — 
his knowledge of the piinciples of healing />c? pi imam — as well as his attitude 
towaids his patient’s welfaie and towaids the improvement of his ait and 
science of surgery ” Although these statements are geneiall)’^ accepted as 
self-evident, it is to be regietted that the appiaisal of end-iesults by a study 
of wound healing is raiely earned out Too often this pioblem is casually 
cast aside as of no impoitance oi the suigeon salves his conscience by the 
easy method of exaggeiating his own abilit}' by underestimating bis percentage 
of infections 

In many institutions the importance of the wound is minimized by dele- 
gating its closure to assistants and members of the liouse staff This is 
excused on the giounds of haste Disregard of an essential part of an opeia- 
tive procedure is natuially tiansmitted by the suigeon to his juniois Furthei- 
moie, the lesponsibility foi the caie and healing of the wound is shifted oi at 
least divided, and accuiate recoids of individual opeiatois cannot be obtained 

In oidei to study wound infections, definite criteiia must be set up and 
caieful and sciupulous records must be kept Five yeais ago such a study 
was begun at the Einoiy Univeisity Division of the Grady Hosjiital In a 
book devoted entirely to that purpose, all wounds aie classified as clean, 
potentially infected, and infected The natuie of the opeiation, the name of 
the opeiator, and the sutuie mateiial aie noted At each diessing, and at the 
time of the patient’s dismissal, a notation is made with respect to healing 
Eveiy wound which heals pci pi imam — without discharge or exudate from 
the incision or stitch holes — is marked clean Those showing even the 
slightest infection are so classified Seious exudates and hematomata are 
cultured and if oiganisms aie recovered, these wounds aie classed as infected 

The determination of infection and the recoid of wound healing is made 
by the lesident surgeon and two assistant residents Since a gi eater part 
of the operations are perfoimed by these men, and since keen rivalry exists 
regarding the chaiacter of their work, it is unhkel}^ that an infection will be 

♦Read at the Fiftj -second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1939 
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ovei looked, and it goes without saying that they are eagei enough to lecoul 
the mishaps of then seniors By this method, and by these ciiteria, it is easy 
to analyze the charactei of the work insofar as infection is concerned The 
results, thus compiled and openly discussed, have been the cause of much 
chagrin This has led to better caie of the wound thioughout the operative 
piocedure. an impioved technic, and a subsequent response in the reduction 
of infections 

I had long believed that the numbei of infections was less in wounds 
sutuied thioughout with silk as compared to those in A\hich catgut was 
employed This was stiikingly proved, when the lecords of the fiist year weie 
compiled At that tune, catgut was, and still is, the predominant choice 
of most of the membeis of the visiting staff Howevei, membeis of the 
resident staff, who have had ample oppoitunity to use both materials and 
obseive the results, have, without exception, adopted the silk technic, and 
have enthusiastically continued its use since leaving the hospital Moieovei, 
the resident surgeons have assiduously trained then assistants in the use of 
silk, its contiaindications, and m the necessaiy gentle and caieful technic in 
which it should he employed 

The object of this communication is to piesent statistical data legarding 
wound healing, and not for the purpose of discussing the merits and disad- 
vantages of dififeient suture materials It is generally admitted that the peiiod 
of exudation is shoitened and that fibioplasia begins earliei in wounds su- 
tuied with silk than m those m which catgut is employed Furtheimore, the 
liquefaction pioduced in the absoiptive process of catgut acts as a fertile 
cultuie medium for bacteria An excellent account of these matters has been 
published by Howes,” Howes, Sooy and Harvey,^ Whipple^ and others It 
was the belief that infection was less likely to occui woth silk than with catgut 
that led Doctoi Halsted"^ to adopt silk as a sutuie matenal in all clean cases 
It IS only fair to add that his unexcelled lecoids m w^ound healing w^ere due 
not alone to the suture matenal, but to a refined technic based upon complete 
hemostasis, clean dissection, the avoidance of mass ligatures, undue tension, 
and meticulous attention to every detail wdnch eliminated tissue tiauma 

While the assistants of Doctor Halsted and of Doctoi Cushing have foi 
the most pait continued to use silk, all insisted that it be employed only undei 
ideal conditions, and have pointed out the possibility of its acting as a nidus 
of infection This has led many to abandon its use, altbough the danger 
from this souice is gieatly ovei estimated Occasionally wdien infection occurs 
a diaining sinus wall continue until the silk is extruded oi removed, but more 
often healing occurs wuthout lemoval of the sutures In file years, there have 
been onl} two instances of prolonged drainage from an infected w^ound, and 
both healed w ithin six w ecks 

Since air-boine bacteria can never be completely eliminated from a wound. 
It would seem that the technic which tends to limit then grow^th would be 
the one of choice, and that silk would, therefore be preferable eien undei 
conditions which weie not ideal Such is the case in the hospital where this 
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study was made All the patients weie Negioes, and 25 per cent were infected 
with syphilis Many were undernouiished and anemic A large peicentage 
of the opeiations weie of an emeigency nature The hospital is old, in a duty, 
smoky section of the cit}"^, and lepairs were frequently being made with 
resulting diit and dust Petii dish cultures, exposed to the air some distance 
fiom the opeiative field, showed 25 implantations of pathogenic organisms 
aftei exposure to the an for ten minutes The rooms were not air-conditioned 
The nursing service was entiiel}'’ by Negro pupils, and a medical student 
was a membei of the opeiating team m nearly all cases Ninety per cent of 
the operations ueie perfoimed by members of the lesident staff, but it is only 
fan to add that then peicentage of infections was less than that of the visiting 
surgeons The lecoid and compaiison of operations with silk and catgut 
sutures for the last five years is shown m Table I 

Table I 

COMPARISON or OPERATIONS BETIVEEV SILK AVD CATCUT LIGATURES 

Clean Cases 

Silk Catgut 



No of 



No of 



\ 

Cases 

Infected 

Per Cent 

Cases 

Infected 

Per Cent 

1935 

81 

i 

I 2 

147 

25 

17 0 

1936 

125 

4 

3 2 

154 

12 

7 8 

1937 

217 

9 

4 I 

143 

6 

4 2 

1938 

452 

7 

I 5 

74 

6 

8 I 

1939 

317 

4 

I 2 

77 

7 

9 r 

T otals 

1. 192 

25 

2 I 

595 

56 

9 4 


It is noted that the percentage was higher in 1937 than in othei years 
This might be attiibuted to some contiollable cause such as faults m steiiliza- 
tion However, it was actualN due to the high peicentage of infections which 
occuiied in the patients of one opeiator, and the blame must, tberefoie, be 
placed in his hands 

It has been stated, and with good reason, that results are frequently better 
with silk than Avith catgut because m the employment of the lattei large sizes 
aie employed Fuithermoie, it has fiequently been pointed out that suigeons 
employing silk are apt to be moie careful throughout the whole pioceduie 
than when catgut is employed In this study neithei of these factors is 
applicable Catgut No 00 and No o ivere the sizes generally employed, and 
the same operatois for the most part employed both suture materials 

Noting the marked difference in the wound infections in clean cases, the 
use of silk has been gradually increased in those Avounds Avbich were consid- 
eied, potentially, but not grossly, infected These wounds have been studied 
and compared in a similai manner They include compound fractuies of the 
skull and long bones, wounds of the heait and chest, AV'Ounds of the abdomen 
without intestinal perfoiation, gangienous appendicitis, etc The compara- 
tive results in this group are shown in Table II 
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Table II 


No of 

Silk 

CASES POTENTIALLI IM'ECTED 

(I 93 ' 5 -I 939 ) 

Catgut 

No of 


Cases 

Infected 

Per Cent Cases 

Infected 

Per Cent 

188 

15 

7 9 312 

CONCLUSIONS 

77 

21 4 


(1) A comparative study of clean wounds sutuied with silk and with 
catgut IS given 

(2) Rigid criteria in the determination of infection are necessary 

(3) With silk, infections occurred in 2 i per cent of the cases, as com- 
pared to 9 4 per cent m those where catgut was emplo3'ed 

(4) In potentially infected cases there was likewise a maiked difference 
— 7 9 per cent of the wounds sutured with silk were infected as compared to 
21 4 per cent in those cases where catgut was employed 

REFERENCES 

^ Whipple, Allen O The Use of Silk in the Repair of Clean Wounds Annals or 
SURGEKY, 98, 662, 1933 

^ Howes, Edward L The Strength of Wounds Sutured with Catgut and Silk Surg, 
Gynec and Obstet , 57, 309, 1933 

® Howes, E L , Sooy, J W , and Harvey, S C The Healing of Wounds as Determined 
by Their Tensile Strength JAMA, 92, 42, 1929 
^ Halsted, W S Surgical Papers The Johns Hopkins Press, i, 29, 1924 


2 b 3 



GllADUATE TEACHING OF SURGICAL PATHOLOGY 

Arthur Purdy Stout, MD 
New Yonx, N Y 

niOM Tllf SUIiriCAL lATlIOIOOl HUORA.TOI11, OOLLfCt Ot PIUSICIANS AND SDHOFOVS COLDMBU UNHERSITS, 
AND TIU DU AUTMENT OF SUHOLln, I HLSDITFRUV JIO?J JTAL, NB» 5 OIIK V 1 

Tiin REQUIREMENTS of the vaiious Boaids set up to pass upon the fitness 
of giaduates m medicine to become specialists m those fields which have to 
do with suigeiy and allied aits, demand a certain amount of tiainmg in 
pathology and moie paiticulaily in suigical pathology In the well-estab- 
lished hospitals, wheie there aie Resident systems foi specialty training, a 
vaiiable amount of time is allotted foi this pin pose, and graduates of these 
institutions aie usually piopeily qualified m this lespect But there aie not 
enough such institutions to tiam the niimbei of men lequiied, and the Resident 
S3'stem does not solve the pioblem of the many giaduates now piacticing 
specialties who wish to become licentiates by qualifying for and passing 
the examinations of the various Boaids Recently, Graham^ focused atten- 
tion upon the lamentable ignoiance of suigical patholog)’- displayed by a 
number of candidates wdio appealed befoie the American Boaid of Surgery 
It IS safe to conclude, theiefoie, that theie is a ver}' real problem to be met 
The Laboiatoiy of Surgical Patholog}^ at Columbia University has been 
piofoundly affected by this demand Theie has ahvays been a ceitam nuinbei 
of volunteeis, not officially connected wnth oui institution, w'oiking in the 
laboratoiy because they wished to gam gi eater familiarit}^ wuth the pathology 
of suigical diseases, but m lecent yeais the number of such volunteeis has 
mci eased inoidinately so that w’^e aie not able to accommodate all of them 
Since the effective factoi is national, a snnilai condition must pievail in all 
paits of the United States Foi this leason, I believe it w'lll be in oidei to 
lepoit upon the way m wdiich we have organized oui facilities to meet the 
needs of these men 

Before doing this, it will be necessaiy to point out ceitam featuies 
wdiich chaiactenze the study of suigical pathology It is the branch of 
pathology wdiich deals wuth the study of disease processes as they occur in 
the living This has the advantage of peimittmg the obseivation of lesions 
at an eaily stage, wdien they may be leveisible, but theie is also the dis- 
advantage of not allowing the examination m detail of the body as a whole 
This lack has to be filled as w^ell as may be by completing the pictuie with an 
mteipietation of the symptoms, the physical signs and the other laboratoiy 
data Thus, suigical pathology is not a puie science but a branch of clinical 
medicine This conception has guided us m planning^ the activities of those 

wdio come to our laboiatoiy to study 

We do not accept volunteeis for less than three months but set no other 
limit to the length of their stay, and a number of men have lemamed a year 
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or more During their sojourn in the laboratory they are lequiied to devote 
to it a major portion of their time Dining 1939, there were 20 workers 
111 the Laboratory of Surgical Pathology in addition to its regular staff Ten 
of these were members of the resident staff of the Presbyterian Hospital 
from the Departments of Surgery, Otolaiyngology. Radiology and Pathology, 
and ten were volunteers 

The work consists basically of a detailed description of the gross and 
microscopic featuies of the suigical material and an interpretation of it 
This IS supervised by the Resident Surgical Pathologist when necessary 
The workers aie required to familiarize themselves with the clinical aspects 
of the cases assigned to them and also to keep 111 touch with all of the cases 
on the surgical wards by attending the surgical rounds each morning At 
the weekly suigical staff meetings, which they must attend, they have an 
oppoi tunit)’' from time to time of demonstrating the salient featuies of 
some instructive specimen Once a week theie is a surgical pathology con- 
ference where cases involving difficult diagnostic and therapeutic problems 
are considered The clinical history of a case is lead, the microscopic piepaia- 
tions aie studied, and each participant is asked to express an opinion about 
the diagnosis and sometimes the tieatment The discussion is concluded with 
comments by one of the senior suigical pathologists piesent These confer- 
ences are often attended by other pathologists and radiologists who seive 
to broaden and increase the interest of the discussions 

Once a month the surgical pathology group holds a joint conference 
with the radiologists and 1 adiotherapists at w^hich cases of neoplastic and 
allied diseases involving difficult pioblems m diagnosis and treatment are 
jointly consideied The histologic features of each case aie projected on a 
screen and commented upon by one of the senior suigical pathologists 

One day each iveek the wmrkers attend the Neoplasm Clinic This is 
conducted by a group composed of surgeons, radiotherapists and suigical 
pathologists The volunteers work up the cases, piesent them, and then 
hear the tieatment discussed and see the results m follow-up cases 

The third year medical students aie given instruction m suigical pathology 
once a iveek during a two-houi peiiod This consists of lectures, the ex- 
amination and description of gioss material and the study of microscopic 
preparations The volunteeis paiticipate in this instruction by supervising 
the students’ laboratoiy woik 

Finally, those volunteers who demonstrate special aptitude are encouraged 
to undertake the solution of small problems m suigical pathology 

This piogram, then, permits the wmrker to prepare the description of 
the specimen which will become pait of the hospital record, to correlate 
the lesion with the clinical aspects of the case, and to participate actively in 
teaching, group discussions, and presentations to the surgical staff Decided!} , 
not the least of his privileges is that of enthusiastic and intelligent discussion 
of current surgical and allied problems with his fellow workers 
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The oiganization of a progiam for teaching surgical pathology to gradu- 
ates must of necessity be vaiied, depending upon the facilities available 
However, the writer is convinced that it is essential that it be guided by 
two piinciples Fust, that the workei shall personally examine and report 
upon fresh surgical material, and, second, that he shall always correlate it 
with the clinical features 
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TOE TO FINGER TRANSPLANT » 
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This is a clinical senes of one case of a toe to finger transplant given as 
a remtrocluction after a six years’ absence from our piogram The case 
repoited is of a young child who through an accident had lost the distal part 
of her middle finger of the right hand The paients’ urge that we do some- 
thing for her was most emphatic 

This IS not presented with the idea that it is anything new, but employ- 
ment of the plan is not likely of common occurrence It seemed particu- 
larly fitted to the needs of the case in hand — restoration of the distal segment 
of a finger of a young female child If perfoimed solely foi the sake of ap- 
pearance, such an operation would fall shoit of its purpose if more than one 
joint were missing, except possibly on the little finger, wheie two phalanges 
might be replaced without attracting attention, using the second toe, but to 
do this the pedicle of the carrying flap might have to extend up on to the 
dorsum of the foot It is also conceivable that the great toe could be substi- 
tuted for the distal and part of the proximal phalanx of the thumb, this foi 
utility as well as appearance A partial restoration of the little or the fourth 
finger might add to the usableness of a hand that had lost the three inner 
fingers, provided either of the two inner metacai pophalangeal joints had been 
spared to serve as a base for the transplant If successful, this should facilitate 
the grip on the handle of a mechanic’s tool or a golf club 

In a young subject, the natural difference m appearance between a finger 
and a toe would be less accentuated by shoe wearing, while the three or four 
weeks of the unnatural body and limb position would cause less discomfort and 
be less apt to cause arthritic changes These could be lessened by a pie- 
operative practice m the unnatural position 

A girl would be moie likely to be distiessed by the deformed finger than 
would a boy oi man The hope that sensation, tactile, heat, cold, etc , will 
ultimately be restored without having pei formed direct ner\e suture is based 
on its leappearance in almost all transplanted flaps, usually within nine months 
A diiect nerve suture would add another step to a somewhat complicated 
operation Doctor Byars contrived a laced-on, thin leather jacket in which 
WRs incorporated a palmar finger-bar fixed to a tailor's thimble This is to 

* Read before the FifU -second Annual Meeting of the Southern Surgical Association, 
Augusta, Ga , December 5, 6, 7, 1939 
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be worn constantly over a knitted or kid finger-stall until normal sensation of 
the tiansplant is regained, in ordei to prevent burns or other injuries 

Figure I show's the hand hound to the foot, hut note that the knee was 
held m extreme flexion and that, also, the forearm and lower half of the 
aim weie bound to the leg and thigh by supposedly nonirntatmg adhesive 
tape 

Opeiative P)ocedwe — After making a doisal slit on the toe, from the 
centei of the second phalanx hack to the foot, and lemoving its proximal 
and half of the second phalanx, and then making a guillotine disarticulation of 
the finger stump, the cartilage was scraped fiom the head of its second 
phalanx It also shows that the mobilized distal part of the toe and proximal 
pait of the finger w'ere sutured tw'o-thirds around and to permit this, the 
original dorsal toe incision had been extended forw'ard, as two arms of a 



Y, one to each side of the distal toe joint, thus inclosing an undisturbed 
doisal triangle of skin and subcutaneous tissue This latter w'as fitted into a 
dorsal slit made ovei the end of the fingei Also, about one-third of the 
tiansveisely cut end of the fingei -covei mg on each side was tacked to the 
contiguous border of the spread-out distal pait of the doisal toe slit On 
the fingei, the tendons had been divided at the joint level, and on the toe, 3 
Mm proximal to the bone cut off the middle phalanx The tendons, front 
and back, were united wnth three No 000 silk sutures Bone fixation was 
accomplished partly by having these tendon sutuies engage also the fringe 
of joint capsule that had been left sunounding the head of the finger phalanx 
and on each side this bit of capsule was attached to apposing deep tissues 
on the toe The now boneless proximal one-half of the toe thus formed a 
mobile jiedicle long enough to allow the distal half to move dorsally into the 
axis of the finger This pedicle w’as divided four w'eeks later, after carefully 
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figunng how much of it was needed for the finger and how much would then 
remain to cover the site of the toe disarticulation The latter was closed 
immediately, but on account of some inflammatoiy thickening on the fingei, 
we here ti listed to the healing to diaw togethei the unsutured bordering 



Fig 2 — Roentgenogram of the fingers, si\ weeks after the initial transplantation, show 
ing the inflammatorj thickening of the transplant 

skin edges This required about two weeks, but it ultimately made a smooth 
suiface union 

Figuie 2 shows i oentgenograms, taken approximately six weeks after 
the initial transplantation, which demonstrate the inflammatory thickening 



A B 

Fig 3 — Photographs (A) showing the preoperative condition, and (B) the cosmetic 
result 48 davs after pnmarj union 

of the transplant, but its color and circulation at this time were, apparently, 
perfectly satisfactory The only other evident abnormality on the films is 
that the fingei appears to have four phalanges 

Figure 3 shows the preoperative condition and also the result 48 days 
after piimai}’- union 
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Fig-Uie 4 IS a compaiison m appeal ance of the natural with the recon- 
stiucted hand 



Tig 4 — Pliotognph slioniiig the compiritn c appearance of the natural nith the 

reconstructed h ind 


Figiiie 5 shows that the ti ansirlanted joint now remains straight while the 
fingers aie naturally flexed, but she has here aheady developed a discernible 
amount of voluntary flexion and extension We have leason to hope these 



Fig 5 — Photograph showing the functional result Isote that the trans 
planted joint remains straight while the fingers are normalI> flexed 


movements will ultimatel)'’ approach a normal range when, in time, the fine 
silk sutures loosen that now still fix the already united tendons to the residual 
fringe of joint capsule that was retained at the site of union 
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TRANSPLANTATION OF TOE FOR MISSING FINGERH= 

END -RESULT 

Harold Neuhof, M D 
New York, N Y" 

Case Report — M L , white, female, age 7, came under observation in Mount Sinai 
Hospital, 111 July, 1922 Deformities of the fingers of both hands were noted at birth, 
and also fusion of two toes of the left foot The hands were useful for ordinary purposes 
The right hand presented the chief problem for improvement of the deformity and of 
function The thumb, fourth, and fifth fingers were normal Only the proximal phalanx 
of the index finger, with its thickened surrounding tissues, was present The middle 
finger was totally absent, a short stump of the proximal phalanx, about i cm long, 
projecting beyond the head of the metacarpal bone The plan was to transplant the 
second toe of the right foot w'lth part of the metatarsus in the form of a pedicled graft 
The metatarsus and adjacent tissues w^ere to be included in order to supplj^ the necessary 
length A few days before operation, a plaster of pans mold was prepared to hold the 
child in position w'lth the right knee flexed and the right arm extended downward in 
front of the body 

Opeiation The stump of the missing finger w'as first prepared The overlying skin 
was reflected as a flap, w'lth its base on the ulnar side The shell of proximal phalanx, 
found to be of cartilaginous consistency, was exposed and its end freshened The stumps 
of the flexor and extensor tendons of the missing finger were exposed and dissected 
free for a distance of about 2 cm A wet pack was placed over the hand and dissection 
of the foot W'as begun This consisted in an incision across the web between the first 
and second toes and extension of the incision over the dorsal and plantar surfaces of the 
foot The head of the second metatarsal and the flexor and extensor tendons of the second 
toe w'ere isolated and w'ere divided about i 5 cm back of the head of the bone The 
tissues on the lateral aspect of the second toe were not disturbed, so that the toe w'lth 
Its adjoining metatarsal bone and tissues sw'ung on a thick pedicle, with undamaged 
lateral nerve and blood suppl> The hand and foot w'ere then brought together by 
rotating the right leg and bringing the shoulders forward The problem of adjusting 
the fingers to the foot was, however, more difficult The thumb and second finger w'ere 
placed on the dorsum of the foot, and the fourth and fifth fingers over the sole of the 
foot After the hand and foot w'ere placed and held in position, the stump of the finger 
W'as approximated to the pedicled toe A suture of chromic gut was passed through the 
shell of the phalanx of the missing finger and through the metatarsal bone and 
tied without tension The ends of the extensor and flexor tendons of toe and finger 
W'ere approximated w'lth fine silk The margin of the skin flap of the finger was sutured 
to that of the toe Immobilization w'as effected by a plaster of pans encasement 

In recovery from the anesthetic the child struggled and the plaster shifted Some 
separation of the skin w'as noted on the third day, and it w'as necessary to apply adhesive 
straps to maintain approximation of the skin The circulation in the pedicled toe 
remained good 

The detachment of the toe w'as undertaken 15 days after the first operation An 
incision was made across the w'eb between the second and third toes and extended w'lde 

* Presented before the New' York Surgical Societ}, April 26, 1939 Submitted for 
publication, Jul> 7, 1939 
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of the second toe, so that there would be more skin than was necessary The space in 
which the dissection was made was cramped and the tendon anastomoses were damaged 
when the toe (with adjoining metatarsal tissues) was completely detached It was 
necessary to remove much of the fat pad on the plantar surface and part of the metatarsus 
of the transplant, because these structures made too pronounced a prominence for a 
cosmetic result The skin margins were trimmed and sutured 

Subsequent Couise The circulation remained good in the graft from the outset 
The wound healed by primary union for the most part Sensation was first noted in that 
part of the graft nearest the finger stump about three weeks after detachment It advanced 
in ring-like fashion and sensation was normal about six months after operation 

There were never any symptoms referable to the transplanted toe About six weeks 
after operation, it appeared certain that the tendon sutures had not held Consent for 
secondary suture of tendons could not be obtained During the first winter following 



Fig 4 — Photographs of transplanted toe at present time A Palmar view B Dorsal view 

the operation, the transplanted toe was colder and more bluish than the adjoining fingers 
in cold weather These manifestations have subsided since that time The only dis- 
turbance in nutrition of the grafted toe was to be noted in the nail This grew irregularly 
at first During the early years it grew more slowly than normal, and the free margin 
of the nail broke off from time to time 

The function in the transplant is limited to movements transferred to it by the 
adjoining stump of the finger Separate motions can be anticipated only if the tendons 
are sutured or a tendon transplant performed The roentgenograms show not only 
survival of the phalanges, but also indubitable evndence of increase in length and thick- 
ness This IS most clear in the proximal phalanx of the grafted toe At no time after 
operation, in a period of one year during which numerous roentgenograms were taken, 
was there any evidence of absorption of the phalanges wnth bone replacement, a phe- 
nomenon that had been anticipated There was a slowly progressive increase in the 
length and thickness of the transplanted toe until adult life 

End-Result — Seventeen jears have elapsed since operation The end-result is a 
permanent!} viable transplant with normal circulation and growdh The cosmetic result 
is fair The functional result is ml, because the tendons of the graft were not sutured to 
the tendons of the stump of the finger 
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SUPPURATIVE THROMBOPHLEBITIS OF THE FEMORO-ILIAC 
VEIN WITH BLOOD STREAM INVASION 


CASE REPORT 

E S Van Dutn, MD, and John Van Duyn, 2nd, MD 

Siiucusn, N Y 

• Case Report — H B , male, age 67, was struck bj^ a locomotive, May 8, 1938 
He suffered a severe mangling of the left lower leg and \\as taken to St Joseph Hos- 
pital, where a disarticulation at the knee was performed 

Postoperatively, he improved steadily, but the stump was unsatisfactory due to gan- 
grene of the soft tissues covering the end Six weeks after the first operation, the 
lower end of the femur was amputated and a new stump constructed, which was 
drained A moderate degree of infection developed, but by July 17, 1938, had cleared 
up considerabl} and the patient was able to be up and about on crutches 



Chart i — Showing four hour rectal temperature curve from time of first chill to fourth post 

operative da> 


Suddenly, on July 25, 1938, after being home eight dajs, the patient had a severe 
chill followed by a high temperature (Chart i) The chills and high temperature 
continued to recur and were followed by profuse sweats Within a few days, the stump 
became markedly swollen with pitting edema, and a blood culture, July 27, 1938, showed 
a heavy growth of Staphylococcus auicus A diagnosis of suppurative thrombophlebitis 
of the left femoro-iliac vein with blood stream invasion ^\as made, and scattered rales 
in the lungs suggested the presence of metastatic foci On Jul}' 31, 1938, six dajs after 
the first chill, he was readmitted to the hospital 

Operation — Under spinal anesthesia, a vertical incision was made in the abdomen, 
extending from the level of the umbilicus downward over the middle of the inguinal 
ligament The abdominal cavity w'as opened low and the peritoneum raised over the 
region of the left iliac vessels The left external iliac v'ein was easily identified and 
W'as felt as a firm, noncompressible cord It w'as followed proximalb to its juncture 
with the hypogastric branch, just distal to which it abruptly became soft and com- 
pressible It was felt that we were now' above the level of the thrombus and at this 


Submitted for publication March i, 1939 
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point two ligatures of braided silk were applied separately The thrombotic area of the 
vein was left intact, being merely overlayed, retroperitoneally, with strips of iodoform 
gauze which were brought out from the lower end of the wound The incision was 
closed m the usual manner after repairing the opening made m the peritoneum 

Subsequent Couise — Postoperatn ely, the temperature rose to 104° F, but was un- 
accompanied by a chill (Chart i), and by the next morning the general picture had 
entirelj" changed The patient now appeared convalescent instead of moribund as before 
the operation Thereafter, the temperature continued at a low level and the chills did 
not recur 

Following removal of the drain, there was a moderate amount of purulent discharge 
for several weeks The edema of the stump spread upward nearly to the axilla at 
first, but later receded and eventually disappeared almost entirely Other postoperative 
complications included a superficial thrombosis in the other leg from infection at the 
site of his transfusion , wound in the ankle , also a cystitis , and a persistent arthritis 
of the right shoulder In spite of these setbacks the patient’s strength gradually re- 
turned, and he was finally discharged from the hospital, September 24, 1938, ig weeks 
from the date of the accident 

Comment — Thrombophlebitis of the infectious and suppurative types 
constitutes only about 3 pei cent of the thrombophlebitides ^ Thei e is, how- 
ever, a ver}'- high mortality because of the frequency of septicemia and meta- 
static foci This high mortality, as recently shown by Rosenow and Biown,^ 
varies dnectly with the inability of the suigeon to check blood stream invasion 
from the septic focus 

The idea of tiying to stop the spread of infection from a diseased vein 
into the general circulation appaiently originated with John Hunter,® who, in 
1793, advised that a “compress be put upon that part of the vein just 
above the suppuration” In 1865, Henry Lee^ applied this piinciple and 
used a ligatuie for the first time in two of four cases 

In 1878, Kraussold” repoited a case of femoral suppurative thrombophle- 
bitis, successfully tieated The patient, a male, age 29, had had an amputation 
through the condjdes of the left femur Four days latei, a seveie chill and 
high temperature developed and the stump was explored The femoral vein 
was found to contain a purulent thrombus and was ligated at the level of the 
inguinal ligament 

In 1884, ZaufaF tied off the internal jugular vein in an instance of latei al 
sinus thrombophlebitis following suppurative otitis media, and, in 1900, 
Viereck^ showed statistically the value of this tieatment In 1902, Trendelen- 
burg® reported ligations of the ovaiian and deep pelvic veins in puerperal 
sepsis, in 1909, Wilms® ligated the ileocolic angle radicles of the poital vein 
in appendicitis, and, in 1912, Bullock^® ligated the facial veins in a case with 
a carbuncle of the upper hp 

The femoro'ihac vein is a frequent site of thrombosis, but only very rarely 
is the clot infected When infection does take place it may be hema- 
togenic, but IS usually due to direct extension from a septic focus as 
in the present case 

The diagnosis of suppuiative thrombophlebitis with blood stream invasion 
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IS easily made, as a rule, by the lecuriences of severe chills and high tem- 
peiatures Often chills are absent, however, and the temperature curve may 
not be typical Edema, of course, helps to locate the area involved Blood 
cultuies are said to he usually negative 

Some cases undoubtedly subside without surgical interference, but just 
how long a case may be tieated expectantly cannot be told in advance 
Piobably a positive blood culture should stimulate active intervention, though 
waiting for the report might cause senous loss of time Above all, it should 
be emphasi7ed, that as long as the patient lives, even though a week or more 
may have elapsed since the first chill, operation may still offer a good chance 
of lecoveiy 


SUMMARY 

A case of thiombophlebitis of the femoro-iliac vein secondary to amputa- 
tion of the femur is leported Simple ligation of the iliac vein was followed 
by rapid, maiked impiovement and eventual recoveiy It is concluded that 
in this type of case, even though the patient may appear wi extremis, opera- 
tion IS indicated 
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CONGENITAL, PEDUNCULATED PSEUDOPAPILLOMA OF ANUS 

CASE REPORT 

Warren W Green, M D 
Toledo, Ohio 

Maldevelopment of the proctodeum and distortion of the peiineal raphe 
are among the more common t3^pes of congenital anoiectal defoimities Such 
variations from the normal have appeared m eight (66 per cent) of our 12 



Fig I — Photograph sho\\ing the thickened perineal raphe merging 
with the base of the pedicle 

cases of anorectal malformations In our gioup, this type of deformity was 
not limited to those cases wheie the occlusion was due to a simple imperforate 
anus (Gioup III, Ball,^ Gioup II, Berman, “ Ladd and Gioss^), but occurred 
in some of the other classifications as well Although improper development 
of the proctodeum and perineal raphe is not an unusual deformit}^, it is rare 
for such a malformation to manifest itself as a pedunculated growth A care- 
Submitted for publication Alarch ii, 1939 
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ful search of the recent hteratuie fails to reveal any description or reference 
to the type of anomaly presented in this report Because of the simplicity of 
the surgical measures necessary for correction as well as the lack of functional 
impairment, only a brief resume of this case is given 

Case Report— This infant was seen, November i, 1937, m consultation with Dr 
RoJJin Kvebbeler, y\ho bad delivered the child five dajs previously At that time he noted 
the presence of the pedunculated growth which m no way interfered with normal anal 
function Examination revealed a patent anal orifice of normal dimensions The median 
raphe was thickened, extending from the base of the scrotum across the perineum to the 
anterior aspect of the anus At that point, the thickened epidermis \eered to the left and 
at the lateral border was continuous with the pedicle of the tumor The pedicle was about 
4 cm long and the ovoid tumor measured 3x4 cm (Fig i) Both were covered by what 
appeared, grossly, to be normal epithelium Since no associated malformation was 
present in the anal area or elsewhere, we advised surgical removal of the growth Doctor 
Kuebbeler, after infiltrating the base with o 5 per cent procaine, ligated the pedicle at the 
left lateral anal margin and excised the tumor Healing progressed in a normal manner 
and the deformity was satisfactorily corrected 


Fig 2 Fig 3 



Fig 2 — Photomicrograph showing normal structure of skin, subcutaneous, connective and 
fatty tissues A few hair follicles and sebaceous gland ducts are present (Xioo) 

Fig 3 — Photomicrograph sho\\ing a large ner\e running through the pedicle (Xioo) 


Sections from the tumor weie e\aniined by Dr Thomas L Ramsey, Toledo, Ohio, 
and Dr Carl V Weller, Ann Arbor, Mich A summary of their reports states The 
diagnosis is that of a congenital, pedunculated pseudopapilloma with fibrolipomatous struc- 
ture and with a definite well-formed epidermis (T L Ramsey) The specimen is not 
a true neoplasm but a developmental anomaly consisting of a pedunculated mass of adipose 
tissue covered with a fairly typical corium and epidermis (Figs 2 and 3) (Carl V 
Weller) 

Sn Aithui KeitlA said “Surgeons are apt to regaid embryology as a 
subject which has little direct bearing on their art the opposite is the 
case, that all the changes which bring about the development of the bod)'^ are 
instances of superb surgery Parts are perfectly opposed and, as a rule, exact 
and orderly union occurs in a mannei in which surgeons may dream of but 
hardly hope to attain in practice ” Thus, the congenital origin of this 
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growth can best be understood from a brief resume of the embryology of the 
anus and perineum Shortly after the thud week of embryonal life the proc- 
todeum mvagmates to form the site of the futuie anus This ectodermal de- 
pression deepens and approaches the descending termination of the blind gut 
As these neai each other, the intervening mesoblast is obliterated in such a 
manner that the resulting septum is formed by the entodeimal wall of the 
rectum and the ectodermal epithelium of the proctodeum This membiane is 
absoibed and, at about the eighth week, there is noimal communication be- 
tween the anus and rectum Duiing the second month, the uiogenital septum 
extends to the suiface to foim the peiineal body and, after the beginning of 
the third month, the outer genital folds coalesce to foim the peiineal laphe 
According to Keith, it is because of the late peiiod of union that so distinct a 
raphe or scar is left along this line of fusion Although the cause of these de- 
fects IS unknown, he offeis the interesting hypothesis that the factors pioduc- 
ing this scar are of the same order as those preventing the union of ordinal y 
wounds 

Upon reviewing this embiyologic process, it is found that failure in the 
normal development of this area may result m (i) The peisistence of a 
partial or complete membiane in the anal canal, (2) a superficial band of 
skin partially or completely obstructing the anal orifice, or (3) an unbioken 
and thickened median raphe covering the outlet It is a matter of conjecture 
whether the defoimity under discussion had its oiigm 111 improper pioctodeal 
development or in a variation from normal of the peiineal raphe The salient 
points about this anomaly are (i) The presence of a patent anal orifice of 
normal dimensions, (2) an unusually thickened perineal laphe extending 
from the scrotum to the anus, and (3) a pedunculated tumor arising from the 
anal margin and appaiently continuous with the raphe By mteipieting these 
factors from the embiyologic standpoint, we feel justified in assuming that 
the proctodeum developed in a normal mannei except for the persistence of 
the deformed raphe This latter, instead of remaining in the midhne to pai- 
tially obliterate the anal oiifice, deviated to the left to form a pedunculated 
tumor Upon this basis, we may conclude that the anomaly under discussion 
IS one of the more common congenital anorectal deformities which has as- 
sumed a bizarie and unusual form 
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ENTEROGENOUS CYST 

OBSERVATION OP AN UNtlSUAIj PHYSICAL SIGN 

Charles E Rea, MD 
Minnhapolis, Minn 

FnOM THE DFPAIITMFNT OF SUnOEni, UVr\ ERSITJ OF MINNESOTA MEDICAL SCHOOL, MINNEAPOLIS, AIINN 

The roLLOWiNG case is reported not only because of the rarity of the con- 
dition, hut also because of the observation of an unusual physical sign on 
examination of the patient 

Case Report — University Hosp No 652337 S B , white, female, age two, was 
admitted to the University of Minnesota Hospital September 21, 1936 The mother 
noticed that when the patient was five or six weeks old, the baby’s abdomen was more 
rigid or “tight” on the right side When the patient was one year old, the mother felt 
a mass 111 the 1 ight side of tlie child’s abdomen This mass had gradually increased m 
size until SIX months before admission Five weeks before coming to the hospital, the 
patient began to complain of pain at times in the region of the umbilicus 

The past and famil} histones were essentiallv negative except for occasional attacks 
of tonsillitis The child's appetite was good There was no history of intestinal colic, 
bloody stools, diarrhea or constipation Cardiorespiratory and genito-urinary histones 
revealed nothing of note 

Physical Eratninalwii — Negative except for a large tumor in the right lower quadrant 
of the abdomen This mass was round, movable, not tender, and was apparent on inspec- 
tion (Figs I and 2) and moved on respiration It was dull on percussion No borborygmi 
were heard on auscultating the abdomen Most interesting of all, however, was a finding 
first observed by Dr W T Peyton of the Department of Surgery, namely, the mass 
seemed to have contractile properties, as at times its consistency would change from soft 
to hard and then become soft again The liver and spleen were not palpable Rectal 
examination revealed a mass which could be pushed into the pelvis, but which was extrinsic 
to the rectum 

Laboratory examination of the blood and urine was negative Wassermann reaction 
was negative Roentgenologic examination of the chest and intravenous urograms were 
normal A barium enema revealed a mass on the right side of the abdomen displacing the 
bowel to the left and posteriorly There was no roentgenologic evidence of an intra- 
abdominal hernia Clinical Diagnosis Mesenteric or omental cyst, or possible intra- 
abdomiiial hernia 

Opeiaiton — September 29, 1936 Under ethylene and ether anesthesia, the abdomen 
was opened through a right midrectus incision A large cjst was seen in the right lower 
quadrant The mass could not be delivered out of the abdominal incision It was about 
four and one-half inches in diameter, thick-walled, and light in color Large blood vessels 
coursed over its surface At this time it was difficult to determine the exact connections 
between the cjst and the intestine A needle was inserted into the tumor and approxi- 
mately 200 cc of mucoid, grayish, transparent fluid was aspirated It was then possible 
to lift up the entire mass and deliver it through the abdominal incision (Fig 3) The 
cyst was in the angle between the cecum and terminal ileum, and the central portion of 
the attachment seemed to be at the superior angle between the ileum and cecum On 
attempting enucleation, it was found to be intimately a dherent to the wall of the ileum 

Submitted for publication February 17, 1939 
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The cyst was opened and the mnei lining dissected out of the thick-walled sac The 
inner lining was granular and about i Mm in thickness The outer portion of the wall 
was 3 5 Mm thick and had the appearance of muscular fibers After the entire lining 

Fig I 



Fig 2 



Pigs i and 2 — Front and side Mews of the patient’s abdomen showing the 
tumor mass on the right side 


was removed from the sac, the major portion of the outer wall was then excised and the 
adherent portions sutured together to make a much smaller closed space The appendix 
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was normal The terminal one and one-half inches of the ileum were dilated The cecum 
was not dilated nor was its muscular wall thickened 

The impression at operation was that this was an enterogenous cyst arising from the 
wall of the terminal ileum 

Examination of the fluid aspirated from the cyst revealed it to be sterile Specific 
gravity low, containing 1,300 white blood cells Sugar 545 mg per cent, protein 226 
mg per cent There was no mucus 

Pathologic Examiuatwn — Gioss The cyst measured 8x10 cm The wall was thick 
and contained muscle The inner lining was smooth, there were no papillary ingrowths 
Mici oscopically (Path No HO-36-3190), a smooth-walled cj'St was found, lined by a 



Fig 3 — Enterogenous cyst at operation 


single layer of epithelium In the deeper layer there were glandular structures lined by 
the same type of epithelium There was fibrous and muscular tissue in the outer layers 
of the wall (Figs 4 and S) Pathologic Diagnosis Enterogenous cyst arising from the 
terminal ileum 

The patient made an uneventful convalescence and was discharged, October 9, 1936 
Two years later she was m excellent health 

Discussion — It IS not the put pose of this paper to discuss in detail the 
etiology, incidence, pathogenesis, etc , of enterogenous cysts Excellent re- 
views have been given by Evans,^ Hughes-Jones,^ and others Suffice it to 
say that two theories have been advanced regarding the etiology of these 
cysts ( I ) That they arise from diverticula of the intestine of the embryo , and 
(2) that the epithelium becomes detached from the embiyonic intestine at a 
very early age and develops into a cyst The cyst may occur an3nvhere along 
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the small or large bowel, however, of 55 cases collected by Hughes- Jones, 31 
occurred in the region of the cecum and last four inches of the ileum 

With regal d to the position of the cyst in relation to the wall of the in- 
testine, it has been noted that the tumois in the jejunum and uppei ileum aie 
chiefly mesenteric in distribution, while in the ileocecal legion, their incidence 
IS greatest in the submucous and musculai layers The tumors frequently 
show symptoms within the first yeais of life They also occur moie fie- 
quently in the female than in the male (32) The clinical manifestations of 



Fig 4 — Photomicrograph of section of the Fig 5 — Photomicrograph of section of outer 

inner lining of the cjst Note the epithelial wall of the cjst consisting of the muscular and 
lining and glandular structures in the deeper fibrous tissue (X200) 
la>er (X 6 s) 

this condition are of special interest According to the available liteiature, no 
case of enterogenous cyst has been diagnosed before operation Most of these 
tumors give signs of intestinal obstruction Of 34 cases collected from the 
literature by Hughes-Jones, the clinical picture of intestinal obstruction was 
present m 14, intussusception in six and volvulus m three In some instances, 
the patient was thought to be suffering from appendicitis 

Our case is, apparently the only one to have been reported in -w Inch con- 
traction of the cyst was noted on phjsical examination Millar and Robert- 
soir* describe a case of an enterocystoma, m n Inch they believe the symptoms 
of vomiting and abdominal pain eie due to temporary strong peristalsis of the 
patient’s intestine n Inch n as shared by the cystoma The fact that there may 
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be contraction and relaxation of the cyst, as observed in our case, lends cre- 
dence to this view 

Treatment of this tumor consists in (a) enucleation, (b) excision of the 
bowel containing the cyst, (c) marsupialization, and (d) evacuation Of 
these, enucleation is the procedure of choice Hughes-Jones collected nine 
cases m which enucleation was attempted , five were successful and four were 
not MilleO^ recoided ten instances of enucleation of cysts without a death, 
while he estimated the mortality from resection was 6o per cent Marsupiali- 
zation and evacuation of the cyst have been tried too few times to be evaluated, 
but theoretically these procedures would seem less desirable than removal of 
the tumor 


SUMMARY 

A case of an enteiogenous cyst aiising from the terminal ileum in a female, 
age two, is reported Conti action and relaxation of the cyst was noted on 
physical examination Biief mention has been made of the etiology, inci- 
dence, clinical manifestations and treatment of this condition 
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CYST OF THE SEMILUNAR CARTILAGE-*- 
Deforest P Willard, M D 

AND 

Jesse T Nicholson, M D 
Philadelphia, Pa 

Although cysts of the external semilunar cartilages of the knee joint are 
no longer classed as lareties, very few of the mesial semilunar cartilage have 
been repoited A review of the more accessible literature revealed over 200 
cases m all, reported prior to 1939 Among these, there are only 30 cases 
in which the lesion was m the internal cartilage 

There has been considerable controvei sy in the literature as to the etiology, 
physiology and pathology of these cysts The etiology was acci edited to 
trauma by a majority of the authors Taylor^^ advanced some of the best 
evidence in favor of the traumatic theory as follows There was a histoiy of 
injury m 30 per cent of the cases Seventy-two per cent of the cysts occurred 
in the middle third of the cartilage, which was relatively unprotected by the 
patellar ligament and the lateral ligament of the knee 

A minority favored congenital or developmental origin Ollerenshaw^^ 
particularly stressed the fact that although the internal cartilage was moie 
frequently injured it was very infrequently involved by a cyst He published 
a photograph of a cartilage removed from a female, age ii, in which the cyst 
was along the inner margin of the cartilage in the anteiior thud He further 
cited instances of traumatic injuries with cartilage tears, in which a diagnosis 
of a cyst was made only upon removal of the cartilage He reported several 
cases in which the cyst alone was excised , this recurred in every case 

In summing up the causes for cyst formation, Bennett and Shaw^ found 
seven theories suggested by various authors (i) Tiaumatic hemorrhage fol- 
lowed by mucoid degeneration of the hematoma (2) Mucoid degeneration of 
the cartilage following trauma (3) Injury to the blood or lymph channels 
producing a local change m the cell metabolism (4) Obliteration of the 
paramenisceal arterioles causing degenerative changes m the cartilage (5) 
Enlargement of certain cartilage cells with secretion of mucoid material into 
the connective tissue between them (6) Trauma causing synovial implants 
in the cartilage (7) Inclusion of synovia in the cartilage occurring during 
development 

Pathologically, the cysts were generally reported as multilocular, containing 
a gray to yellow gelatinous fluid The stroma about the cysts was connective 
tissue Most authors deny the presence of a lining to the cyst wall Some 
recognize a flattened layer of connective tissue cells A few (Ollerenshaw,^- 
Kleinberg,' Zadek and Jaffe,^® Satanowsky.^'* and Christmann^) reported an 

* Presented before the Philadelphia Academj of Surgerj , Alay i, 1939 Submitted 
for publication June 22, 1939 
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endothelial lining Two authors (Vene/ian and ChristmaniT«) described villus 
piojections into the cyst cavity 

The case that we wish to present seems to fall into the developmental 
etiologic gioup 



Tig I — Objective ippeannce of a cjst of the left internal semi 
lumr cartilage in a female, age 8 


Case Report — C A , female, age 8, was examined December 2, 1938 A “lump” had 
been present on the inner side of the left knee for over a year It had not noticeably in- 
creased in size It gave no symptoms There was no attributable cause The medical 
history was irrelevant On examination, a soft, fluctuant but firmly attached mass, ap- 
proximately 9x1 cm , was palpable subcutaneously on the inner mesial side of the left 
knee (Fig i) Knee motion was full, there was no tenderness or swelling 

OpeiaUon — January 12, 1939 A cystic mass was found, lying just anterior to the 
sartonus muscle and adjacent to the internal condyle of the femur This was readily dis- 
sected free As the joint space was approached, it was noticed that part of the internal 
lateral ligament was included in the wall of the cjst With further dissection the joint 
space was opened and the cj^st was found to be firmh’’ attached to the internal cartilage 
As dissection attempted to free the mass from the internal semilunar cartilage, a straw- 
colored, gelatinous, translucent fluid began to seep out This indicated that the cartilage 
was involved The tibial portion of the internal lateral ligament was found to include the 
distal portion of the cj'st This was dissected proximally to the joint cleft, and the c>st 
and internal semilunar cartilage were removed The edges of the joint capsule were 
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plicated with silk sutures m an endeavor to substitute thickened capsule for the resected 
internal lateral ligament The knee was immobilized with a plastei of pans bandage ap- 



Fig 2 — Photograph of the gross specimen (as \ie\\ed from the knee joint) showing 
the internal semilunar cartilage with the c%stic expansion into the internal lateral 
ligament 



Pig 3 — Photomicrograph showing a \illus projection into the cast cnitj, an endothelial lining, 
the underljing connectue tissue stroma, and the fibrocartilage of the meniscus 

plied next to the skin from ankle to groin with the joint at i8o“, and in as much \arus 
as possible 

Postoperatne cona alescence was uneaentful Muscle setting exercises for calf and 
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tliigh groups were started the third day and weight-bearing the fifth The plaster encase- 
ment was removed at the end of six weeks There was no lateral mobility of the knee 
joint to indicate the loss of the internal lateral ligament Active exercises against gravity 
were then instituted In eight weeks there was full range of knee motion Three months 
after operation the onlj' difference m the two knees was the operative scar on the inner 
aspect of the joint and one-quarter of an inch atrophj of the thigh musculature on the 
left side 

Patholocjic Exaviwatwu—'Dr Arthur Waltz, of the Children’s Hospital, demon- 
strated that the cyst was multilocular (Fig 2) It involved the periphery of the middle 
third of the internal seniilunai cartilage and internal lateral ligament of the left knee joint 
The loculations had extended parallel to the ligament fibers Microscopically, the cyst 
cavitj w'as lined \\ith a layer of flattened endothelial cells practically identical with those 
hnmg the smaller blood \essels (Fig 3) Beneath the endothelial cells was a connectne 
tissue stroma Thcie were several villus projections from this stroma into the cyst 
cavity 1 hese villi were covered with the same endothelial cells Beneath the connective 
tissue stroma was found the fibrocartilage of the meniscus 

Discussion — In the minds of the authois of tins report, trauma does 
not account foi the development of C3'sts of the semilunai caitilages The 
age of tins patient, age 8 , and one lepoited b}' Colonna,^ age 6 , both without 
histoi}'^ of mjuiy, would indicate a minimal influence from a tiaumatic cause 
The typical multilocular chaiactei of the cysts reported \vould be against a 
tiaumatic dissolution of caitilage cells resulting 111 the formation of a cyst 
cavity The absence of pigment piecludes hemorihage into cartilage result- 
ing fiom an iiijuiy The micioscopic findings of villi and an endothelial 
lining would stiongl}^ indicate a developmental fault as the etiologic factor 

SUMMARY 

Cysts of the internal semilunar caitilage aie lelatively infrequent There 
IS considerable diveisity of opinion as to the etiology of cysts of the semi- 
lunai caitilages 

The case undei consideiation is that of a female, age 8 , in which the cyst 
involved the internal latei al ligament as well as the fibi ocartilage 

The micioscopic examination revealed definite endothelial lining and villus 
pi ejections within the cyst cavity 

The evidence m favoi of tiauma as the (sole) etiologic factor is wanting 
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LOCKING ATTACHMENT FOR THE BALFOUE RETRACTOR 

Harold D Caylob, M D 

AND 

Miles S Houser 
Blufuton, Ind 

Most surgeons using a Balfoui retractor, particulaily if the instrument 
has been in use foi some time, have experienced the inconvenience of having 
the movable blade continually slip and relax tbe tension on the sides of the 

wound A common practice is to tie a 
piece of gauze over the end of the in- 
sttument and around the movable blade 
to hold it m position 

This difficulty has been overcome by 
emplo3'ing a simple device The apparatus 
consists of a chi ome-plated brass collar 
and set screw The collar is approxi- 
mately three-foiu tbs of an inch m diam- 
eter and one-half inch long, with a square 
hole laige enough to be a free fit on the 
sleeve (Fig i) The set sciew with 
knuiled or wing-head is so designed that 
it will not back out and get free from the 
collai This screw also locks the collai on 
tbe sleeve A small hole the size of the 
SCI ew should be drilled through the sleeve 
so the screw comes in contact with the 
bar Since the movable blade of the le- 
tractor was designed to hold by friction, 
only a gentle piessuie of the set sciew is necessarj' to maintain the blade 
in position 

VVe have used this device lepeatedly and have found it very satisfactory 
Submitted for publication August i8, 1939 
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The Treatment of War Wounds and Fractures By J Trueta, 
M D New York Paul B Hoeber, Inc , 1940 

This amplification of a small manual, which was published during 
the war m Spam, first m Catalonian, and later 111 Spanish, the author says, 
IS the result of a demand not only fiom suigeons, but also the geneial piac- 
titioners who have been called upon during the military emeigency to face 
the necessity of acquiring knowledge which they foimerly had been content 
to regard as belonging to the surgeon Though this expanded version is pub- 
lished after the close of the Spanish War, and “at a time when the world 
IS at peace” he is convinced that open fractures of civil life, load 

accidents, and those of industry do not differ essentially fiom those produced 
by aeiial bombs, falling masonry, etc , and that the fundamental tieatments 
are essentially the same, whatever may be the cause He reveals in this 
book the necessity for keeping the word “war” in the title, for the subjects 
dealt with include the collection, transport, and evacuation of casualties, 
together with the treatment of neglected cases Paiticular attention is given 
in this volume to a new problem of the present type of waifare, namely, the 
mass attacks directed against densely populated cities 

A leport based upon his personal experience with a total of 1,073 cases 
of open fractures of the limbs, with but six deaths, demands that surgeons 
“stop, look and listen” at this tune of impending woild war The almost 
uniform and simple methods of treatment of compound fractuies, consisting 
of immediate debridement after reduction of the fiacture, and immobiliza- 
tion 111 a plaster encasement, have certainly pi oven, 111 his expeiience, of 
special value in war-time 

The war in Spam provided the opportunity for a successful, large-scale 
study of the method, but the results of the study are certainly available for 
the benefit of victims of transport and industrial accidents m time of peace 
Some 20,000 cases weie tieated by the same method, but detailed statistics 
of the results are not available at the piesent time Trueta believes that the 
expeiiment vas on a sufficiently large scale to justify the belief that the 
methods of treatment employed were responsible for his unbelievably low 
mortality To add to this, among the bad results obtained, some 91, only four 
requiied amputation To those who were engaged with the surgical caie of 
the injured in the first World Wai these figures seem almost impossible 

The expeiience reported covers over 30 months of continual treatment 
of war casualties, including the immediate surgical tieatment of casualties 
in 300 air raids By rapid, pioperly planned, and boldly executed surgery, 
fiist advocated b)^ Winnett Orr, followed by closed plaster of pans encase- 
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ment, the casualties can be spaied the toiment of having to spend the rest of 
their days crippled and mutilated 

Tiueta feels that, in his experience, all the failures of the closed method 
of treatment of wounds are due to a failure to appieciate the geneial prin- 
ciples Closed treatment should be employed only by those qualified by 
tiammg to plan and undertake the fiist stages of the technic of debridement— 
ivhich aie purely surgical It is completely falacious, he wains, to believe that 
it suffices to close a wounded limb in a plastei of pans encasement to achieve 
the benefits of the closed treatment 

The book, which is pocket size, promises to become a testament not only 
to those who may m the futuie be called upon foi duty m the medical 
corps of the armies, but also for those who may be engaged m traumatic sur- 
geiy in civil practice 

It contains chapteis on the historic survey of the development of military 
suigery, starting with Ambioise Paie and including the war of 1914-1918 
It pays due ciedit to Orr, who, as a result of his experience in the World 
War, evolved the principles of treatment, which consist in (i) The im- 
poitance of rest for the healing of wounds of soft tissues and bones, (2) 
the prevention of access of infected organisms to the tissues, and (3) im- 
mobilization, so that pam is reduced to a minimum and healing is allowed 
to pioceed No one at the present time can take issue with his first principle 
of debridement, 1101 with the second one of the removal of dead and infected 
tissue, and the pievention of the introduction of further infection However, 
the use of the plaster encasement for immobilization has not been generally 
accepted, and he offers a summary of his leasons foi believing that this is an 
essential factoi in the Ori treatment 

(1) Rest allows local venous and capillary thiombi to form These 
prevent and delaj^ the spiead of infection and aie not broken down by re- 
peated handling 

(2) Rest allows new capillaries to form which are not torn by repeated 
dressings of the wound 

(3) The plaster maintains a constant beneficial pressure on the wound, 
the calcium m it may be of local value 

(4) The mixture of organisms on the vound may by then mutual an- 
tagonism prevent the victory of any one group 

(5) To leave the wound uncovered, as advocated by Schede and Bolder, 
is good treatment for superficial wounds, hut in the deep wounds produced 
by shells and aerial bombs, the dehydration and loss of heat which results 
from this treatment induces a condition of shock mimical to the general 
well-being of the patient and to the healing of Ins wounds 

This is truly a remarkable contribution, not only to military surgery 
but to traumatic surgery When the authenticity of this report is vouched 
for by such men as Matas and Eloesser it can be accepted at par value 

Walter Estell Lee 
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“Harvey Cushing's Seventieth Birthday Party ’’ Published for the 
Harvey Cushing Society by Charles C Thomas, Springfield, Illinois, 1940 

The presentation in book form of the occasion of “Cushing’s Birth- 
day Party” has been made possible by the combined efforts of the Haivey 
Cushing Society and Charles C Thomas, Publishers, and provides an oppor- 
tunity for his innumerable friends, students and admirers, outside the circle 
of the Cushing Society, to share the many tributes offered to this outstanding 
figure of American Surgery during the twentieth century 

As stated in the preface, it is “Hail and Farewell,” for while this tribute 
was m press Doctor Cushing died 

“All things we ordain festival 

Turn from then office to black funeral ” 

Truly the present and future generations should feel indebted to the 
Cushing Society for preserving the waimth, gayety and intimacy of that 
occasion, for it was a remarkable event 

The quotation from a letter received from the President of the United 
States IS typical of this intimate friendship that was the spirit of the party 
“The spirit of eternal youth is his It is not only his good fortune but 
the good fortune of all those who are privileged to call him a friend I 
think, too, it accounts for the fact that there has been no slowing down in 
his zest foi life and for his work — a work which makes the human race 
his debtor and which has won him the plaudits of the great and the eternal 
gratitude of all soits and conditions of men” 

The volume includes not only the speeches given at the dinner, Apiil 8, 
1939, but also selections fiom letters and telegrams received by Doctoi Cush- 
ing, together with a number of appreciations from the lay and medical press 
Further, there is an account by Dr Henry Viets of Doctor Cushing’s case 
records written while he was an intern at the Massachusetts General Hospital, 
which deserves more than passing mention, for in these case histones theie 
IS definite evidence, at the beginning of his career, of the characteristics of 
a gieat man and a genius 

To the SIX independent publications which have been pieviously issued 
m connection with “Cushing’s Birthday,” and as a supplement to his bibliog- 
raphy, this volume is a woithy companion, and should be in the library of 
every American physician and surgeon The intimacy of the tiibutes paid by 
his students and associates should and will seive as an inspiration to future 
generations, and no doubt will provide the nucleus for some Boswell to wiite 
a “Life of Harvey Cushing” comparable to the one which he wrote of Sir 
William Osier 

Walter Estell Lee 
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Shock Blood Studies as a Guide to Therapy By John Scudder 
M D Philadelphia, J B Lippmcott Co 1940 

The author’s piemise for the subtitle, “Blood Studies as a Guide to 
Theiapy, may be stated veiy briefly Two events, occurring separately or 
togethei , explain the cii dilatory failuie in shock, loss of blood tu toto, and 
the laige obstacle to blood flow caused by a loss of blood plasma Blood may 
be lost by hemoiihage or, accoiding to accredited tlieory, by being trapped in 
Its capillaiy bed by vasoconstriction Loss of blood plasma may be caused by 
processes of dehydration, or by vasoconstriction, or, in the case of burns, by 
loss of piotems fiom the vasculai compartment A correct choice of repara- 
tive measures obviously lequires appraisement of these various components 
of circulatoiy collapse To this end, examination of the peripheral blood is 
cleaily indicated The author quite convincingly demonstrates the service- 
ableness of specific gravity measurements by the simple and rapid falling- 
diop method of Barboui and Hamilton A measuiement of whole blood 
specific gravity is often adequately informative A more dependable defini- 
tion of the undei lying circumstances is, however, obtained by an hematocrit 
measuiement using hepaiinized blood, and then determining the specific 
gravity of the plasma fiom the sample Except as modified by hemorrhage, 
these measuiements usually demonstiate hemoconcentration, or, in words 
moie significant as legards ciiculatoiy failure, reduction of blood plasma 
volume The utility of these simple measuiements as a means of indicating 
therapeutic agents and observing their effectiveness is thoroughly illustrated 
by a large senes of case lecords Although then helpfulness is clear]}' dem- 
onstrated, the reader will not be surprised to find that the analysis and treat- 
ment of shock IS not yet a rule of thumb pioceduie and for this reason remains 
an entertaining pioblem, foi the contemplation of which these detailed records 
supply an excellent fiamewoik and the incentive of appraisement of the 
author’s use of the evidence The readei will profit greatly b^ studying them 
carefully Here, in addition to replacement therapy, he will find applied the 
newest agent of plasma volume control, extiact of the cortex of the adienal 
gland , a pi obably reasonable experiment in therapy even though direct 
evidence of failure of function of the adrenal coitex in shock is lacking The 
author, being aware that examination of the peripheral blood will not define 
the e.\tent of blood and extracellulai fluid losses, has emphasized the well 
established lequirement foi estimation of the position of body fluid balance 
in situations which have produced shock 

The book is much moie extensively informative than the subtitle suggests 
It IS also an excellent “guide” to the historic and experimental development of 
cunent conceptions of shock, with a propei emphasis on the relationship of 
body fluid distuibances to circulatory failure In this direction a resume of the 
functions of the adrenal cortex is included 

A large item in the book is the author’s advocacy of plasma potassium m- 
for a prominent position in the pathogenesis of shock The premise 
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used IS a vasoconstrictive action of potassium and a deleteiious effect on the 
lieart The authoi presents a large amount of evidence m suppoit of his 
accusation of potassium All of it is, however entirely circumstantial Direct 
pi oof that the levels of plasma potassium found in patients in shock cause 
either vasoconstriction or cardiac embarrassment is not provided Study of 
the data presented does not at all convincingly desciibe a relationship of 
potassium concentration to degree of shock Increase in plasma potassium is 
easily understandable as a lesult of disturbance of extia- and inti acellular 
fluid adjustments That it has an especial significance among many concui- 
rent distortions of the plasma structure and changes in the physical pioperties 
of the blood is obviously difficult of proof By the same token, the author’s 
indictment of potassium cannot be dogmatically denied At any late since, 
as the author admits, vasoconstriction as evidenced by hemoconcentration 
precedes the accumulation of potassium in the plasma, potassium is clearly 
not the long sought agent of that basal happening But denying potassium a 
primary role does not lemove the important question wdiich the authoi has 
raised of its position among the many circumstances which determine the 
eventual outcome in shock The above comments are intended only to indi- 
cate the intiicacies of this problem and the unwnllingness of this reviewei to 
be convinced b}^ the evidence at hand 

James L Gamble 


Diverticula and Diverticulitis or the Intestine Their Pathology, 
Diagnosis and Tieatment By Harold C Edwards, M S (Lond ), F R C S 
(Eng ) Suigeon and Lecturer in Surgery to King's College Hospital, Lon- 
don With Foreword by Gordon Gordon-Taylor, OBE, MS, FRCS 
With 223 illustrations, maity in color William Wood Medical Books, Balti- 
more, 1939 

This woik IS m substance the Jacksonian Prize Essay of the Royal College 
of Surgeons for the year 1932, revised and bi ought up to date It represents 
the result of a personal investigation of clinical cases the data of wdiich w^eie 
obtained fiom the case histones of patients suffering from symptoms due to 
the presence of diveiticula, or in wdiom diverticula w^eie found at opeiation, 
postmortem, or revealed during a roentgenologic examination The majority 
of these cases w^ere examined personally In addition, a questionnaire w^as 
circulated to all patients in wflioin diverticula were found roentgenologicall} 
The pathologic specimens are from various sources Some are recent 
opeiative specimens from the author’s own cases or those of colleagues For 
most of the cases 111 the unusually rich series of colovesical fistulae, the author 
IS greatly indebted to the late Sir John Thomson-W'alker, who furnished him 
with the notes of many of his private cases Others have been obtained at 
postmortem examinations perfoimed dining tbe past 16 3 ears A number are 
from museum shelves All these haie been taken out of their bottles for re- 
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nivestigation 1 he author is indebted to the curators of museums other than 
that of his own school for the loan of some of the specimens examined and 
described in the text 

The roentgenographic material is derived chiefly from King’s College Hos- 
pital duimg the period 1925 - 193 /, inclusive A few only of the prints were 
obtained from colleagues and othei sources 

Theie aie numerous excellent articles available m the American surgical 
hteiatme dealing with the fiequency of diverticula, then probable etiology and 
their tieatment A student, however, has some difficulty finding a monograph 
dealing with the subject m a comprehensive manner Doctor Edwards’ book 
IS, theiefoie, timely, but would have been of still greater value if it had included 
divei ticula of the entire alimentary canal 

In the intioduction the author deals with the classification of diveiticula 
He divides them into congenital and acquired The first group is composed 
almost exclusively of Meckel’s diverticula to which he adds a few other rare 
congenital diverticula not of Meckelian origin The second, or acquired, group 
IS subdivided into those arising from the duodenum, jejunum and ileum, colon 
and vermiform appendix 

Section I deals with the congenital types The subject is well presented 
especially m legard to the clinical significance of pathologic conditions which 
may affect Meckel’s diverticulum 

Section II IS devoted to diverticula of the duodenum It calls attention 
to the increased frequency with which this condition is being reported, ap- 
parently due to impioved radiologic technic and interest 111 the subject The 
radiologic appearance of these lesions is well illustrated One slide shows a 
microscopic section indicating the protrusion of the diverticulum between 
muscle fibeis, and theieby piesents evidence of being acquired rather than 
congenital in nature This point is further emphasized in special chapters on 
morbid anatomy and pathogenesis, which present a critical discussion which is 
recommended to those interested in the subject The author fuither calls at- 
tention to the frequent association of duodenal diverticula and diverticulosis 
of the colon, and believes that, because the morphology and age incidence are 
identical, the same factors are responsible for their development A special 
chaptei devoted to ulcer-diverticula of the duodenum is very interesting and 
well illustrated In the chapter on operative technic, he justly calls attention to 
the dangei s involved, and describes the technic advocated in diverticula affect- 
ing the different portions of the duodenum The value of this chapter to the 
reader would have been increased by a discussion of indications for operation 
This phase is but slightly touched upon in Chaptei X undei the heading “The 
Clinical Aspect ” 

Section III is veil illustrated with a wealth of clinical and postmortem 
material pertaining to diverticula of the jejunum The chaptei on pathogenesis 
IS excellent Although the condition is held to be relatively uncommon and of 
little clinical importance, complications of perforation, acute diverticulitis, 

316 



A olume 112 
Is umber 2 


BOOK REVIEWS 


acute obstiuction and volvulus are desciibed Medical and surgical treatment 
IS discussed 

Section IV deals with diveiticula of the large intestine, including the 
appendix It comprises about half the book — which is in accoi dance with the 
clinical importance of these lesions The authoi piesents inteiesting statistics 
on incidence Avhich, in general, coi respond to those obseived m this countiy 
He shows, on the basis of anatomic and microscopic mateiial, that these divei- 
ticula emeige at the points of entiy of blood vessels Theie aie beautifully 
colored illustrations showing the early stage of development Consideiahle 
attention is paid m Chapter XXII to the ladiologic aspect, and it is iichly 
illustrated Tieatment of divei ticulosis and uncomplicated diveiticulitis is 
medical, which consists of the pievention of stasis in the diveiticula The 
methods employed are avoidance of constipation, i educing the bulk of undi- 
gested and indigestible food and colon lavage Indications foi opeiation aie 
discussed in those uncomplicated cases with persistent symptoms, lecuirent 
exacerbations, and persistence of bladdei symptoms The vaiious opeiative 
proceduies which may he utilized are presented 

Diverticulitis with complications is discussed m detail, together with the 
different operations which may be employed duimg the acute stage of peifoia- 
tion or for one of the latei sequelae 

Among 162 cases of diverticula of the colon, nine were associated with a 
new growth (56 per cent) 

The final chaptei is devoted to divei ticula of the vermiform appendix, and 
is followed by a very complete bibhogiaphy 

The review of this excellent hook has been instinctive and profitable and 
It IS unhesitatingly recommended to physicians as \Aell as suigeons 

Carl Eggcrs 
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GEORGE W W BRE^VSTER 
1866-1939 

George W W Brewster died suddenl}^ at his home in Boston, Septembei 
26, 1939. in his seventy-fouith yeai He was bom in Roxbury, Massachu- 
setts, Match 26. 1866, and piepaied foi college at the Roxbuiy Latin School 
He was giaduated fiom Haivaid College in the class of 1889, and leceived his 
M D degiee fiom the Haivaid Medical School in 1893 He seived as suigical 
intern at the Massachusetts General Hospital following his graduation, and 
soon afteiwaids became pi ivate assistant to Di Mam ice H Richardson He 
was one of the fiist of the gioup of distinguished assistants of a distinguished 
master, and evei aftei giatefull}' acknowledged his indebtedness to that great 
teachei of sound suigical pimciples 

In igoo, he "was appointed Surgeon to Out-Patients at the Massachusetts 
General Plospital, becoming Assistant Surgeon in 1906, and Visiting Surgeon 
in 1914 In 1927, at the completion of 27 yeais of active suigical service, he 
leached the retuing age at that hospital and was appointed to the Boaid of 
Consultation He was also surgical consultant to the Chelsea Memorial Hos- 
pital, Chelsea, Mass, Leonaid Morse Hospital, Natick, Mass, Milford Hos- 
pital, Milford, Mass , and Beth Israel Hospital, Boston Mass 

He earned on an active surgical practice until within the last few years 
when inci easing ill health incapacitated him for such taxing work He bore 
the heavy buiden of a distiessmg chionic ailment vith gieat foititude and 
cheei fulness 

He IS survived by his widow, Ellen Hodge Brevstei, and thiee sons 
William L , Geoige W W , Ji , and Heni)’^ H , M D 

Geoige Biewstei was a lineal descendant of Eldei William Brewster who 
came ovei m the Mayflower and landed on the Rock at Plymouth The mel- 
lowing influences of time, space, and fieedom 111 the New Woild have happily 
softened, 111 their piohfic piogeny, some of the granitic qualities of the early 
Puritans, notably then austerit}^ and intolerance, but the sterling underlying 
qualities of chaiacter and puipose of the Fatheis aie clearly discernible m the 
salient tiaits of this son of that haid}^ stock 

Geoige Biewstei loved with the utmost loyalty his family, his profession 
and his friends — all that made his life 

He was a clinical surgeon of great ability and skill His diagnostic acumen 
acquired befoie the days of roentgenology and elaboiate laboratoiy tests 
seemed intuitive and almost uncanny His judgment was sound, and he knew 
both how and when to operate and when to withhold his hand In acute ab- 
dominal emergencies he was perhaps at his best Quick, deft, and unhesitating, 
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he Avent diiect to the lesion AVith the least possible damage to suiiounding 
tissues He excelled also m the delicate surgeiy of the neck and tlij loid gland 
His interest in the patient did not cease with the operation — he took infinite 
pains with the after-caie, and knew hou to make a sick man comfortable and 
happy The most forlorn Avaid patient A\ould smile at his appioach 



George U W Brewster, M D 

lie A\as free fiom eAeiy aftectation except one haimless one, he delighted 
m pietending to be completel} at a loss as to how to proceed m the midst of 
an opeiation in oidei to diaA\ out some ingenuous advice from an unwary as- 
sistant He hated sham and pomposit} and w as an adept at exposing the one, 
and deflating the other with outspoken candoi His frankness at times Avas 
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almost appalJmg but no one could take legitimate offense when the intent was 
always kindly 

He was immensely popiilai with his fellow-man, and belonged to many 
professional societies and social clubs He was elected to the American Surgi- 
cal Association in 1917 Theie nevei was a more loyal member, or one who 
enjoj'^ed tlie meetings moie than he, and none leceived a warmer welcome from 
then many fi lends than Dr and Mis George Brewster He was not a fre- 
quent contributor of papers but he followed the presentations of others with 
keen inteiest and extiaordmary patience, his comments, not from the plat- 
foim, but m a low tone to his intimates on the seats, were succinct, to the point, 
and usuall}'^ appieciative 

He never occupied a piofessonal chair, but as an unacademic teacher of 
good, sound suigeiy he deeply influenced a very considerable gioup of stu- 
dents, interns, assistants and consultants who cherish the memory of his dy- 
namic sayings and biilhant demonsti ations Brought up as he was in the 
older school of what is now legaided as rough and read}’’ surgery, he always 
kept an open mind, and was keenlj'- inteiested in, and leceptive to, the newer 
advances 

He liked )''oung men and followed then careeis with genuine interest He 
loved the old M G H , and up to the very end, was almost a daily visitor at 
clinics and staff conferences, wheie his genial presence and sound criticism and 
advice weie always welcome He was gieatly beloved by young and old, he 
never giew old himself, he was unique, he did great good m the vorld, and is 
solely missed by a host of fi lends May his genes endure 

Lincoln Davis 
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CONGENITAL ANOMALIES OF THE DUODENUM 
John B deC M Saunders, M B , Ch B , F R C S (Ed ), 

AND 

Harold H Lindner, M D. 

San Francisco, Calif 

l-HOM THE DFPARTMLNT Ot APPLIED AN \TOM\ AND DI\ ISION OF SDIIGER^ , UNH FUSIT\ OF CAlIFORNI A MFDICAI SCHOOL, 

SAN FRANCISCO, CALIF 

Congenital anomalies of the duodenum are of sufficient raiity and 
interest to warrant a leport when encounteied We have had the fortune to 



Fir 1 — Cnee i Ridiognpli three hoiir« "ifter barium meal showing al 
most complete retention A minute quantit\ of barium has passed into the 
proximal jejunum 

examine and study, in some detail, three cases These cases liave ofTeied the 
opportunity of assessing the various theories as to then etiolog} and of 

Submitted for publication June 29, 1939 
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examining, in this respect, seveial details of duodenal development which 
seive to claiify the subject In addition, a short leview of the classification, 
incidence, diagnosis and tieatment of such anomalies is consideied 

The following is a shoit lesume of the three cases which prompted oui 
interest m this subject The fiist of them illustiates an example of congenital 



Fig 2 — Appcnnnces on openjnp ibdomen in Cise i The hepato 
duodenal adhesions fix the coded duodenum 'igiinst the greater cur\a 
ture of the <;toniach The colon is not \isible as o^\^ng to nonrotation 
It lies behind and to the left of the small bowel 


duodenal stenosis associated with nonrotation of the intestine, the second, of 
congenital duodenal valve foimation, and the thud, a case exhibiting abnoi- 
mahties of shape, position and fixation All these cases were associated, as is 
so common in congenital mal foimation, -with other anomalies 

Case I— Baby H, male, birth \\ eight 7 lbs 10 07 The babj was spontaneously 
delivered at term, markedh jaundiced Meconium was passed at the end of the first 24 
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hours On routine formula, the infant nursed poorly On the third daj’-, the child regurgi- 
tated laige quantities of sour-smelhng food but passed a large brownish-jellow stool 
From the third to the seventh day, he vomited repeatedly The intensity of the jaundice 
increased and the child rapidly lost ground Theie was a weight loss of i8 oz by the 
seventh day 

Physical Examinalwn — March 26, 1938 There was considerable loss of tissue turgor 
and deep icterus The abdomen was distended in both upper quadrants and reversed 
gastiic peristalsis was observed aftei feeding No pyloric tumor was palpable but con- 
siderable gastric dilatation was determined There was bilateral talipes equniovarus 
Radiographic examination revealed dilatation of both esophagus and stomach with con- 



siderable food letention No barium passed the pylorus At three hours, retention was 
almost complete (Fig i ) Hon ever, a minute quantity of barium was seen m the 
proximal jejunum Pi copct ative Diagnosis Pyloric stenosis or spasm 

Opeiation — March 26, 1938 Following preoperative supportive measures celiotomy 
was carried out The livei presented early and although of normal size, its unusually 
mottled brownish color was noted The transverse colon was absent from its usual posi- 
tion below the greater curvature of the stomach, being replaced by coils of small intestine 
The colon was found accumulated on the left side, indicating nonrotation The pyloric 
region uas obscured by a persistent hepatoduodenal ligament (Fig 2) On division of this 
peritoneal ligament, the duodenum was found matted together by adhesions in the form 
of an S-shaped loop and fused with the greater curvature of the stomach below the 
pylorus (Fig 3) On further dissection the curvature of the duodenum was lestored, it 
being found to be unfixed, suspended by a mesoduodenum 

A stenotic area, three-quarters of an inch long, reducing the bowel caliber to one- 
eighth of an inch, involved the proximal segment of the second and distal portion of the 
first part of the duodenum (Fig 4) On longitudinal incision of this area, a lumen the 
size of a pencil lead vas encountered The openings of the pancreatic and biliary ducts 
were not observed The diameter of the lumen was increased by closure of the incision 
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transversely, as in the Heinecke-Mikulicz procedure, and the lumen now judged to be of 
adequate size After closure the child was returned to bed in fairly good condition 

The postoperative course was uneventful, except that the infant vomited once on the 
second day He was discharged on the seventh postoperative day 

Subsequent Couise — Fifteen days after operation the child died, following a convul- 
sion associated with a respiratory infection Autopsy was refused Jaundice, though de- 
creasing, persisted up to the time of death 

Case 2 — S M W , age 7H. white, was brought to the University of California Hos- 
pital, because of frequent and persistent vomiting since one month following birth The 



Tig 4 — C^'!e i The duodenal loop has been freed h> further 
dissection of adhesions The stenotic area and the unfixed mesoduo 
denum are clearlj shoun 


child had been apparently normal up to the age of one month, at which time she began to 
have spells of projectile vomiting following each feeding During the next two months 
the child dropped from a birth weight of lbs to about 4 lbs At the age of three 
months, the child \vas taken to a private hospital where she remained for the next nine 
months The vomiting continued and her weight increased to g lbs At 15 months, vomiting 
persisting, a preoperative diagnosis of congenital hypertrophic pjloric stenosis W'as made 
and celiotomj performed Examination revealed a large gaping pvlorus, many veil-like 
adhesions from the gallbladder to the duodenum, a large mesoduodenum and a uniform 
collapse of the distal two-thirds of the duodenum and small intestine Many enlarged 
Ijmph nodes, thought to be tuberculous, were found in the mesentery A long Meckel’s 
di\erticulum W’as present There was no operative intervention and a postoperative diag- 
nosis of “tuberculosis of the mesentery and intestines” w'as made 
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Subsequeut Com sc— -The child remained a hospital case until the age of three, con- 
tinuing to vomit, and on discharge her weight was only i8 lbs For the following four 
3'ears, up to the age of seven, and her entry into the University of California Hospital, the 
child continued to \oniit after each meal, at times bringing up food eaten several days 
previously She gained weight slowly, and w'as constantly under medical care for seven 
years Physical examination on entry showed an underweight, pallid, dehydrated child 
No visible peristalsis or palpable organs No other positive findings Laboratory data 
were essentially normal, including a negative tuberculin test Radiographic examination, 
made on entry, seemed to indicate a definite obstruction in the second or third portion of 





Fig s — C ase 2 Radiograph three hours after barium meal showing dilated 
stomach and megaduodenum with obstruction 

duodenum (Fig 5 ) Pieopaatwc Diagnosis Congenital stenosis of the second or third 
part of the duodenum 

Opciahon — April 19, 1937 The transverse colon and omentum appeared to be normal 
The mesentery of the small bow^el and duodenum contained many hard, enlarged Ijmph 
nodes of varying size The entire small bowel distal to the ligament of Treitz w^as mod- 
erately collapsed and appeared quite normal The stomach was markedly dilated and 
flabby and extended w'ell dowm into the pelvis The stomach w'alls were very thick The 
pylorus admitted three fingers, and the first and a part of the second portion of the 
duodenum w'ere markedly dilated and Iw pertrophied The common bile duct w'as moder- 
ately dilated and entered the duodenum at an abnormally high position The cecum had 
not descended from under the liver and was suspended by a mesenten 

In vien^ of the foregoing findings it Avas decided that the procedure of choice w^as 
mobilization of the duodenum to determine the cause and site of the obstruction rather 
than a palliative gastro-enterostomy Upon freeing and rolling up the duodenum, a 
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circular ring of constriction, four inches distal to the pjdorus, was found The third and 
fourth portions of the duodenum distal to this constriction were of normal size An in- 
cision was made dnectly over the constricted area and a diaphragm was encountered, com- 
pletely occluding the lumen save for a small perforation anteriorly, which barely admitted 
the tip of the little finger The diaphragm was completely excised and the bowel was 
closed m tlie Heinecke-Mikuhcz manner to prevent stenosis The child did extremely 
well postoperatively , taking food by mouth rvithout vomiting and rapidly gamed in weight 
When last seen, March 29, 1939, two years later, she had no gastro-intestmal sjmptoms 
and was now up to noimal weight for her age 



Tig 6 — Appeinnees in Cise 3 viewed fioni lielovv niid the right The cecum is fixed to the under 
surface of the liver and below it the liiglilv constricted and obstructed duodenum nia> be seen 


Case 3 — A C, female, age 3 weeks, was brought to the Universitj of California 
Hospital, August 6, 1934, because of a large, piotruding umbilical mass and persistent 
projectile vomiting for the two weeks prevuous to entrj The child w'as born at term and 
delivered normallv The umbilical mass was obseiv'ed at birth It slovvlv increased m 
size and became gangrenous Foods were poorlv taken, the child exhibiting projectile 
vomiting at the end of the first week, which continued until the time of hospital entrv' 
At entrv, the child was markedlv emaciated and dehydrated The umbilical mass was 
large, dark brown, cvlmdric m shape, protruding some three inches bejond the abdominal 
vv'all It W'as covered bv a thick, hard seal, from beneath which a foul-smelling, brownish, 
serous fluid exuded The mass was kept under considerable tension b> mtra-abdoininal 
pressiiie There was a ring of unhealthv granulation tissue at the junction of the mass 
with the abdominal wall klethvlene blue given orally did not appear in the mass or its 
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discharge After routine preoperatne care, the protruding gangrenous tissue was re- 
moved, the area left gradually granulating m, and the child w'as discharged, September 
i6, 1934 Pathologic evaniination of the material show’ed the piesence of livei tissue 
Subsequent Com sc — During the next three months, while at home, the child did 
poorly, ^omltlng at frequent intervals On December 15, 1934 she w'as returned to hos- 
pital The umbilical wound W'as w'ell healed although marked divarication of the rectus 
abdommus muscle W'as noted ^^omltlng continued and on January 9 1934 the child con- 
tracted a bronchopneumonia fiom which she expired, January ii, 1935 



Fig 7 — Cise 3 Semulngnmnnlic illustntion showing the position nnd con 
\olution of the ibnornnl dnodcmim 

Autops\< (Fig 6) — The liver was extremeh large and hatd, and extended down to 
the upper limits of the light iliac fossa There was a scarred area on the anteiior suiface 
of the Inei m the region of the umbilicus, obMoush the area of herniation There was 
an anomalous right lobe of the liver A single umbilical artery extended from the hypo- 
gastric vessels to the liver w'here it entered an abnormal porta hepatis 1 he artery w'as 
elevated from the posterior surface of the anterior abdominal wall being enclosed in a 
mesentery It formed, with the posterior abdominal wall, a boundary w'hich divided 
the peritoneal cavitj into tw'O parts, a small nglit and a large left portion The alimen- 
tary, tract exhibited incomplete fixation The stomach was of normal size and occupied 
Its approximate normal position There was a marked duodenal anomaly present The 
first portion extended honzontalh to the right and was then abruptly reflected upon 
itself, in the form of a U, to the region behind the piloiic antrum It then ascended 
obhqueh upward and to the right, making an abrupt flexure behind the li\er to extend 
in a sharp curve, downwards and to the right, making still another flexure behind 
the first portion of the duodenum, and passed horizontallj to the left where it terminated 
m the duodenojejunal flexuie (Fig 7) It was interesting to note that in this case the 
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duodenum was so markedly convoluted as to mechanically offer obstruction despite the 
complete lack of actual peritoneal fixation 

Congenital obstruction of the duodenum received much attention m the 
latter half of the last and at the beginning of the present century This was 
to be expected as the outcome of the reconsti uctive methods introduced into 
embryology by His, in iS6S Comprehensive articles weie published on the 
continent by Theremin^^ (1877), Kuliga*® (1903) and Kreuter^'^ (1905, 
1909) , m America by Coides® (1901) , and m England by Clogg'^ (1904) and 
Spnggs^® (1912) The foremost recent discussions are those of Davis and 
Poynter'’ (1922) and of Ladd^“ (i 933 ) 

It IS difficult to determine with any accuracy the number of cases reported 
as the literature is m some confusion Spriggs,®® howevei, stated, in 1912, 
that congenital duodenal obstruction “is not so very much rarer than imper- 
forate anus as one might expect, the one affection being so obvious cannot be 
missed, the othei most certainly is not so constantly in the mind of the prac- 
titionei and not so obvious, hence it often is missed ” That the duodenum is 
a common level of congenital obstruction is indicated by Davis and Poynter® 
These authois studied 392 cases of congenital intestinal obstruction, of which 
134 occurred in the duodenum 

Attempts have been made to estimate the incidence of congenital obstruc- 
tion in the geneial population at infancy Again the figures are too unre- 
liable to be of much service except to indicate the comparative rarity Such 
figures are given by Ernst^^ (1916), two cases of intestinal atresia in 41,000 
children 111 the Royal Lymg-In Hospital, Copenhagen, and Theremin, nine 
cases m 150,000 at Petrograd, and two in 111,451 born over an ii-year period 
at Vienna 

Pathology — Pathologicall}'^ congenital duodenal obstruction has been found 
to result from the effects of eithei intrinsic or extiinsic factors 

Extrinsic obstruction of the duodenal lumen has been described as the 
result of either developmental error or prenatal pathologic processes Among 
developmental errors may be listed kinking of the bowel from lack of fixation 
or abnormal fixation, massive volvulus, persistence of a hepatoduodenocolic 
ligament, annular pancreas and vascular anomalies with aberrant vessels 
Among prenatal pathologic processes which have been encounteied may be 
mentioned abnormal adhesive bands, mesentei ic cysts and neoplasms of related 
organs such as tlie livei or panel eas 

Intiinsic obstruction is the outcome of atiesia, amounting in some instances 
to complete suppiession of a segment of the intestine, stenosis, or valve forma- 
tion It has been stated (Cordes® and Clogg'*) that complete atresia is more 
frequent than stenosis in all situations, and that both atresia and stenosis are 
much more frequent than valve formation These forms are sometimes asso- 
ciated with abnoimalities of the biliary tiact The bile duct may have an 
abnormal site of implantation, draining on occasion into the stomach or enter- 
ing the duodenum at an unusually low^ level In some instances doubling of 
the bile duct has been reported, each duct emptying at a different level In- 
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trmsic obstiuction occurs either above, at, or below the ampulla of Vater It 
IS impossible to give any very satisfactory opinion of its frequency at any 
level It would seem, however, that the great majority of obstructions occur 
m the second portion of the duodenum immediately above or immediately 
lielow the duodenal papilla Davis and Poynter® cited 59 cases above and 75 
below, Cordes,® 20 above and 13 below The exact location is so frequently 
not reported that statistical conclusions are impossible A small percentage of 
cases of duodenal atresia or stenosis are associated with stenosis or atresia of 
one or more segments of the alimentary tract 

In extrinsic obstruction the etiologic factor is so readily demonstrable, 
either at the operating or postmortem table, as to lequire no further comment 
For intrinsic obstructions, howevei, a wide variety of theories, many now 
of only historic interest, have been propounded Such views include fetal 
intussusception, enteritis, localized spasm, Meckel’s discarded segmentation 
theory, segmental atrophy, local vascular thrombosis or embolism, hypeitiophy 
of the valvulae conniventes, etc 

A theory widely held is based on the dictum of Bland-Sutton®'^ that 
abnormalities tend to occur at the sites of embiyologic events As the bihai}'- 
and pancreatic systems arise from the second part of the duodenum, this view 
has been accepted as the determining factoi foi the piesence of the obstruction 
at this level or m its immediate neighborhood This theory has the attraction 
of simplicity and is without doubt, for some regions of the body, such as the 
branchial region, of the greatest significance In this instance, however, we 
find the theory highly questionable if not wholly unacceptable, as the gi eater 
percentage of intrinsic obstructions of the duodenum occur 1 datively distant 
from the entrance of the biliary duct In addition, exactly similar pathologic 
piocesses, occasionally concomitant, occui at other levels of the small intestine 
where development is unassociated with any special embryologic event m the 
Bland-Sutton sense The pathologic processes being the same, it is leasonable 
to suppose that the factors responsible for atresia or stenosis in the duodenum 
and at othei levels of the bowel are similar 

A hypothesis which requires more serious consideiation because of its 
almost umveisal acceptance is the outcome of observations made by Tandler,"*® 
in 1900, on the foimation of the duodenal lumen This author pointed out 
that during development the duodenal lumen becomes completely obliterated 
(fifth to sixth week) by an exti aoi dinary proliferation of its epithelial lining 
This prolifeiation appears to completely block the lumen although this has 
been questioned by Frazer It has been assumed (Kreuter-") that per- 
sistence of this state is responsible foi atresia, stenosis and membrane forma- 
tion However, similar objections arise as in Bland- Sutton’s theory, for 
atresias occur at levels which aie strangei to such a process of pioliferation 
VVvss has propounded a view that the disturbance is the outcome of inter- 
feience with vascularization and often associated with changes m the vascular 
pattern He describes two cases with absent pancreaticoduodenal arteries 
This view IS not td be confused with extimsic obstructions caused by 
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anomalous vessels It is well recognized that changes in vasculai pattern aie 
common m congenital anomalies but this does not mean that the changes are 
the piimary cause of the anomaly and have not arisen secondaiy to the de- 
ficiency in the area supplied by the vessel 

Embjyology — It goes without sa3'-mg that a necessaiy pieliminary to an 
understanding of anomalies of position, and to a discussion of the possible 
mechanism of atresia oi stenosis, is a review of the chief events m the develop- 
mental histoiy of the duodenum The outline of events heiein desciibed is 
based upon a series of dissections of the embiyo at vaiious stages, cairied out 



under the micioscope It is felt that such a method gives a fai more accuiate 
pictuie of moiphologic details than the moie usual technic of leconstiuction 
We have found it convenient to divide the development of the duodenum 
into four stages 

Sfag(? I — Rudimentai y Stage At this stage the duodenum is recognized 
as the segment of the piimitive gut lying between the dilatation of the stomach 
and the commencement of the enterocohc loop We legard the duodenal seg- 
ment as constituting, at an earl}'^ stage, a distinctive pait of the alimentary 
tract Suppoited by a thickened poition of the common doisal mesentery, the 
biliary system has already made its appearance, and at 5 Mm the dorsal 
pancreatic rudiment has budded into the mesoduodenum 

Stage II — Foniiatioii of Piimaiy Ciuves (Fig 8) As development pio- 
ceeds, the stomach undergoes lotation to assume its permanent position, and 
as it does so, the futuie omental bursa is defined Meanwhile the enterocohc 
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loop has elongated and pioceeded to occup)’- its position at the root of the 
umbilical coi d The duodenum has likewise pai ticipated m the changes These 
involve piedominantly its fiist poition This part shows a far gi eater degree 
of elongation than the lest At 13 5 Mm it is laige and well developed and is 
almost twice the diametei of the succeeding poition of the intestine It extends 
transveisely acioss the abdomen with a veiy slight upwaid inclination and is 
highly aiched o^er the vitelline or future poital vein Passing doi sally, it 



elongation and increase in size of the duodenum is extending into 
Its second portion in the establishment of the secondary duodenal 
curies The umbilical lein is indicated in dotted outline The 
preaitenal segment of the enterocohc loop is about to return into 
the abdominal canty 

tei inmates by making a sudden fiexuie opposite the wolffian body (mesone- 
phros) This flexuie is the future duodenojejunal flexure The duodenum as 
a vhole is shaped lather like the letter U placed horizontally with its con- 
vexity Aentially and vith the vitelline vein lying in its concavity The second 
poition of the duodenum is extremely short and inclines a fraction to the 
light to entei the third and fourth poitions, vhich are repiesented by little 
moie than a slight curve at the future duodenojejunal junction Under the 
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influence of the increase in size of the body cavity, the determination of the 
position of the stomach and the enlargement of the future poital vein, the 
essentials of the peimanent curvatuie of the first portion of the duodenum have 
been established 

Stage III — The Duodenal Loop, (Fig 9) The stage initiating the estab- 
lishment of the duodenal loop and the attainment of its adult foim is charac- 
teiized by the very rapid development and elongation of the second poition 
of the duodenum and slightly later of the two succeeding parts At this tune, 
vaiious obseiveis (Tandler,^® Johnson-®) have noted in the lowei two-thiids 



Fig 10 — Dissection of a 43 Mm CR length embrjo The 
enlargement and elongation of the duodenum has extended to the 
third and fourth portions The duodenal loop still exceeds that 
of the jejunum in diameter The duodenojejunal flexure has 
crossed to the left of the midline 

of the duodenum, ovei growth of the epithelial lining amounting to an actual 
occlusion of the duodenal lumen Vacuolization follows, 22-24 > leading 

to reestablishment of the lumen and formation of the villi At 30 Mm , the 
vacuoles having coalesced, the lumen is j^ervious throughout Differential 
giowth has resulted in the elongation of the ligament of Treitz and the trans- 
ference of the duodenojejunal flexuie to the left of the midlme (Fig 10) 
Hunter,^' in this connection, stresses the importance of the part played by 
fixation bands in the foimation of the duodenal curve Fiazer,^® criticizing 
this view, believes that the curve is produced under the influence of the 
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growth of the head of the panel eas We, however, do not subsciibe to 
either of these views and regard the curvature of the duodenal loop as due 
to diffeiential growth factors and time relationship rather than to mechanical 
effects 

Stage IV — Fixation The final stage concerns the ultimate placement of 
duodenojejunal flexure and fixation of the gut The mesoduodenum has 
closely approximated the dorsal paiietal peritoneum by the development of 
the pancreas between its layers, and fusion ensues The adhesion is no doubt 
influenced by the returning gut The transverse colon during the lotation 
of the extra-abdominal intestine is cairied over the duodenum and adheies 
to It at the point of crossing 

The Genesis of Duodenal Anomahes — We have thought it advisable in 
view of the impossibility in the piesent state of oui knowledge of making 
any definite statement as to ultimate cause, to relate the vaiious eriors in 
terms of the various stages of duodenal development pieviously discussed 
In addition, certain general principles need emphasis It should be lecog- 
nized that such fundamental processes as growth and differentiation proceed 
independently of one another and may show varying velocities of change 
There is ample evidence to show that the original control of diffeientiation 
appears to be exerted in relation to definite morphogenetic fields and is de- 
pendent, not upon any definite localization, but upon the position of any pai t 
relative to the whole structure or on the levels wdiich the various parts occupy 
along an axis of development It is perhaps safe to assert, judging from 
experimental evidence, that there are, for the alimentary tiact, ciitical periods 
which precede differentiation and wduch differ in time m diffeient parts of 
the gut The ultimate effects produced m the way of errors are influenced 
by the relationship of the time of action of the noxious agent to the stage of 
differentiation attained 

Anomahes of the first stage are those associated wnth the development of 
the biliary and pancreatic rudiments resulting in such conditions as dichotomy 
of the bile duct and annulai panel eas In the former it is probable that the 
same influence that establishes the biliary anomaly is responsible foi the 
associated atresia or stenosis of the duodenum In the latter deformity any 
delay in the appearance of the ventral pancreatic rudiment from the duo- 
denum IS envisaged as forcing this poition of the pancieas to follow the 
furthei development of the duodenum rather than the dorsal rudiment Both 
of these anomahes aie legarded as having their origin in the earliest stages of 
development 

Anomahes of the second stage associated \vith the development of the 
first part of the duodenum are almost unknown We have been unable to 
find records of a single instance of atresia or stenosis affecting this portion 
Such freedom fiom erroi is not unexpected by virtue of the early establish- 
ment of this portion of the duodenum Its development, closely associated 
Avitli that of the stomach, shows an initial preponderance over the rest of the 
duodenum and in the formation of its essential curves (Fig 8) 
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The third stage is of the gieatest impoitance fiom the point of Anew of 
errors affecting the lumen and shape of the duodenum As ahead)' pointed 
out, tlie foimation of the second and thud parts of the duodenum occins 
compaiatively late in development, and is chaiacterized by a period of lapid 
elongation eventuating in the establishment of the adult foim and shape 
(Fig 9) The majoiity of duodenal anomalies iiirmlve this poition of the 
gut Any factor which mtei feres with this critical peiiod of giowth would 
lead to complete 01 paitial obliteration of the lumen 

It Avould seem to us that the mechanism pioducing atiesia, stenosis 01 
valve foimation is essentially the same, vaiying only in degiee and m time 



ABC D 


Tig ti — lllustnting tlie siiccessne stages in the formation of a duo 
denal valve Differential growth above and below the retarded aiea has pio 
dticed the valve which therefore contains muscle between the two lasers of 
epithelium 

of genesis In addition, such retaidation, paiticulaily if extensive, must 
secondarily bung about distoition of the duodenal loop, as is so commonly 
found Atresia is regaided as the result of early letardation The same 
factor acting a little later Avould lesult in stenosis lathei than atiesia with 
less distuibance of the duodenal loop (Case i) If the distuibance affects 
a very limited segment of the gut, diffeiential growth above and below the 
point of interference would lesult in the foimation of a A'alve (Fig ii) 
Such a mechanism would account for the otherwise unexplained presence of 
muscular tissues in such septa as in Case 2 The piesence 01 absence of 
septal peifoiation and its size may, apait fiom the possibiht}' of secondary 
perfoiation, be 1 elated to the time of retaidation, dm mg, before 01 after the 
establishment of a lumen 

We legaid the lapid elongation of the second and thud poitions as 
being responsible foi the opening out of the duodenal loop Anomalies 
of shape or retention of the piimitn'e cuive as in the duodenum in “M” may 
result from premature elongation before the requisite amount of space is 
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available foi its reception oi fiom the influence of neighboring oigans such 
as an excessively laige livei (Case 3) oi piemature 1 etui 11 of the umbilical 
loop 

Eiiois of the fourth stage aie the lesult of failuie of peiitoneal fixation 
In themselves they aie of little impoitance excepting insofai as they may 
allow of kinking of the bowel 01 be associated with abnormalities of lotation 
affecting the lemaimng intestine Eirors of fixation aie commonly associated 
Mith obstruction of the lumen In Case i a fiee duodenum was associated 
i\ith stenosis, noniotation of the gut, togethei with peisistence of a hepato- 
duodenocohc ligament 

Diagnosis — The past decade has added little to oui store of knowledge 
with legard to the eaily diagnosis of congenital duodenal obstiuction, whethei 
due to stenosis 01 atiesia Ladd,^^* 111 a recent paper, again sti esses the fact 
that duodenal obstiuction vill give the signs common to high intestinal ob- 
struction He emphasizes the impoitance of upper abdominal distention, 
Msible reverse gastiic peiistalsis, the piesence of dehydration and shock and 
the laboiatoiy findings of ketosis The afoie-mentioned signs are common to 
all high bowel obstiuctions It should be emphasized at tbis point that chil- 
dien with tiue hypei trophic pyloric stenosis do not vomit until the seventh 
01 ninth day at the eaihest, whereas those infants with duodenal obstiuctions 
vomit as early as the fiist 24 houis Faibei,^- some five years ago, empha- 
sized the fact that the absence of cormfied epithelial cells 111 the meconium 
was pi oof that an atiesia existed somewheie along the length of the gastio- 
mtestinal tiact He has developed a specific stain foi these cells and both 
he and Ladd'^'^ have found that this test is of value in diagnosis Most writers 
agiee that hematemesis and the piesence of coffee-gi ound vomitus in the 
absence of a blood dysciasia, is a pathognomonic sign of duodenal atresia, 
most authois giving figures as high as fiom 65 to 85 per cent of all cases 
having this finding Absolute constipation is tbe lule, but some cases pass 
what appeals to be a true stool Icteius of modeiate degiee is present in a 
good numbei of cases One should not be misled as to the site of the atresia by 
the piesence of bile pigments in the stool, as authois have stressed the fact 
that the piesence of accessoiy biliaiy ducts emptying below the obstruction 
aie not at all uncommon The 1 oentgenogi am is, of course, of considerable 
value, the piesence of a large gas bubble in the stomach and its site of termi- 
nation often helping to confiim the diagnosis Most surgeons attempt to 
coiioboiate then diagnosis by the giving of a small amount of baiium by 
mouth We feel that a warning should be posted with regard to this pro- 
ceduie if a latei shoit ciicuitmg opeiation is to be earned out This warning 
is necessaiy because it has been found that the baiiuni will often plug the 
anastomotic stoma, with subsequent obstiuction If baiium is used it should 
be followed b) a tborough m ashing out of the stomach and uppei duodenum 
to pi event this catastiophe 

Ticatinciif — The treatment of congenital duodenal obstruction is essen- 
tiall} suigical and sbould be instituted at the earliest possible tune compatible 
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With the physical condition of the infant It is unnecessaiy to discuss the 
actual surgical procedures to be employed, except to point out that because 
of the smallness of the bowel in infancy, they are often attended by con- 
sideiable technical difficulty To oveicome these difficulties two points with 
regal d to surgical treatment are of special interest and deserve emphasis 
The extreme contraction of the distal segment for anastomosis is one of the 
prime causes of trouble in performing the operative procedure and is re- 
sponsible for the laige percentage of postoperative complications Clogg," 
as early as 1904, and Wangensteen,^- in 1931, have emphasized the impoi- 
tance of ballooning up the distal segment by means of hydrostatic pressuie 
This maneuver has the double advantage of increasing the size of the distal 
segment, thereby making it moie amenable for anastomosis, and also testing 
the patency of the bowel lumen distal to the aiea of obstruction, often indi- 
cating other constrictions at lower levels which necessarily would alter the 
plan of procedure Multiple constrictions aie 1 datively common The final 
point of mteiest, from a technical standpoint, regards the use of extremely 
fine silk or linen as a suture mateiial, and the peiformance of the anastomosis 
with a single anterior and posterior layer to obviate narrowing of the lumen 
It has been found that this technic rewaids its user with a higher percentage 
of successful results We feel that the early diagnosis of these conditions 
combined with prompt surgical procedure will bear fiuit m giving a higher 
percentage of cuies A thorough knowledge of the developmental anatomy 
of the duodenum is essential to the diagnostic and therapeutic problems in- 
volved m the treatment of these conditions It is perhaps the rarity of con- 
genital obstructions which is lesponsible, moie than anything else, for the 
poor prognosis in the majoiity of cases reported and for the relative thera- 
peutic inertia 


SUMMARY 

(1) Three cases of congenital duodenal malformation are reported 

(2) The literatuie and etiologic hypotheses are briefly discussed 

(3) The development of the duodenum, as observed from the microscopic 
dissections, is given as a basis foi the classification and opinions on the genesis 
of these anomalies 

(4) A brief outline of diagnosis and treatment is given 

We wish to acknowledge with thanks the courtesy of the Division of Surgery, Dr 
Jacob Smith for Case 2, for Case 3, Dr Francis S Smyth of the Division of Pediatrics, 
and Dr Parry Douglas for referring Case i 
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FURTHER OBSERVATIONS ON THE DIAGNOSIS AND 
TREATMENT OF GASTRIC LESIONS 

Cranston W Holman, MD 
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A RECENT REVIEW of the patieiits who weie opeiated upon in the New 
Yoik Hospital foi ulcei and carcinoma of the stomach has again emphasized 
the difficulty of establishing a coirect diagnosis of lesions of the stomach 
The investigations of Bloomfield and his associates-’^ of the gastric secie- 
tion have led to a bettei understanding of the physiology of the stomach in 
health and disease, and, again, have called attention to the value of gastiic 
analysis as an aid in the collect diagnosis of gasti oduodenal lesions Then 
findings weie coiioboiated by a similai study, ^ which also pointed out the 
difficulties expel lenced b}’' the suigeon in establishing a diagnosis even vhen 
the lesion v as actually visualized and palpated 

These papeis dealt with lesions of the duodenum as well as of the 
stomach Howevei, since only gasti ic lesions piesent a pioblem in suigical 
theiapy, so far as malignancy is concerned, it was thought that a study con- 
fined stiictly to the problem of the dififeiential diagnosis of ulcei and caici- 
noma of the stomach would be of value, paiticulaily in detei mining the piopei 
suigical theiapy The result of this study shows that in many instances a 
collect diagnosis cannot be established by any of oui present methods, and 
IS stiong evidence in favoi of the attitude of lemoval of all gastric lesions, 
if feasible, when suigical therapy is undei taken 

This lepoit IS based upon the findings in 53 patients with ulcei of the 
stomach and 104 patients with carcinoma of the stomach, vho weie studied 
thoioughly, opeiated upon, and followed postopei atively 

The pioblem of the diagnosis of gasti ic ulcei can best be demonstiated 
by lefeiruig to Chait i, in which the compaiative value of vaiious diagnostic 
pioceduies in establishing a collect diagnosis is shown The outstanding 
fact levealed is that all benign ulcers, so fai investigated, have had an 
acidity that was 1101 mal or above noimal (60 per cent fiee hydiochloiic 
acid 01 more) Duiing the same penod 155 patients with pioved duodenal 
ulcei s veie also studied, all of whom had acidities of 60 degiees 01 moie 
of fiee h}diochloiic acid 

Chait 2 lists the compaiative ^alue of the various diagnostic pioceduies 
III the coirect diagnosis of caicinoma of the stomach It vill be seen that 
appi oximatel} a 13 pei cent eiioi in di agnosis can be expected from ain 
Submitted foi publication Ma\ 3, 1939 
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one of the diagnostic piocedures Fortunately, when all the accumulated 
evidence is weighed, the eiroi in diagnosis is considerably decreased 



PHYSICAL Ex 

Chart i — Percentage of correct diagnoses in gastric ulcer 

In Chart 3 is shown the comparative value of the various diagnostic 
procedures in all patients with gastiic lesions (ulcer 53, carcinoma 104) 
As appears in this chart, all available methods fail to establish a diagnosis in 
a certain percentage of patients For clarity m discussion we shall consider 
the data in this chart separately 

loor 



CASTR ANALYSIS OPERATION X- RAY HISTORY AND 

PHYSICAL EX 

Chart 2 — Percentage of correct diagnoses in carcinoma 

Hutoiy and Physical Examination — The character and the duration of 
the symptoms and the age of the patient vary so greatly in ulcer and cancer 
that then practical value in establishing a diagnosis is minimal Of 
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greatest value is the presence of a palpable mass, which almost alwajs signi- 
fies malignancy Unfortunately, it is in those patients m whom the diagnosis 
IS doubtful — ^^vhether cases of early cancer, cancerous ulcei, or ulcer — that 
a mass is raiely palpable In spite of the difficulties in the diffeiential diag- 
nosis between ulcei and carcinoma of the stomach, a caieful histoiy and 
physical examination established a correct diagnosis in 6i per cent of the 
cases of ulcei and in 86 per cent of the cases of caicmoma 

Roentgenologic Examination — In spite of impiovements in the technic 
of fluoioscopy and roentgenogiaphy, the differentiation between gastric ulcei 
and caicmoma was not possible in 33 of 157 patients subjected to loent- 
genologic and fluoroscopic studies To be sure, in the majority of instances 
the roentgenologist did not diagnose the lesion incorrectly, but merely stated 



Chart 3 — Percentage of correct diagnoses in lesions (ulcer and carcinoma) 

of the stomach 

his inability to say definitely whether ulcer or carcinoma was piesent Never- 
theless, the expiession of doubt by the roentgenologist in these 33 patients 
diminishes, for the surgeon, the value of the roentgenograms in determining 
the natuie of the lesion 

Gastiic Analysis — Anacidity or hypo-acidity has been said to be the best 
evidence in favor of the piesence of malignancy, and, conversely, hyperacidity 
to be the best evidence of benign lesions In 15 of the 157 cases, the gastric 
analysis favored a diagnosis which pioved to be incorrect All these fail- 
ures occurred in patients with caicmoma (104) who had 60 degrees or 
more of fiee hydrochloric acid, thus, approximately 15 per cent of patients 
with carcinoma ha\e considerable acid However, as a low acidity or an 
anacidity has nevei been found in a benign lesion, the best single evidence of 
malignancy is a low gastric acidity This statement can be made only if a care- 
ful analysis, according to the method of Bloomfield and Polland,^ is made by 
someone who is interested in establishing the correct diagnosis As shown 

341 




HOLMAN AND SANDUSKY 


Annals Of Surccn 
'September 1940 


in Chait 3, tlie diagnosis was coiicct in a largci peicuitagc ot cases \\hen it 
was based on the gastiic ana^'^sis than when any othci single method A\as 
relied upon 

Opel alive Diagnosis — In no othei pait of the hod}'^ do the pioeesses of 
inflammation and malignancy assume such similai chaiacteiistics as they do 
in the stomach In 23 of the 157 patients, the opeiatoi was unable to de- 
termine at opeiation, with the lesion undei diiect vision and palpation, 
whethei the process was malignant or benign In seveial instances an in- 
coirect diagnosis was made Although the majoiity of these patients were 
not operated upon by us, we had the oppoitunity of discussing with the 
suigeon his opinion and his diagnosis before he was influenced by the patho- 
logic lepoits of the specimens lemoved 

Discussion — Fust, it must be made cleai that this discussion deals 
only with those patients m whom 025eiative mteiference, foi one leason 01 
anothei, is contemiflated We are not suggesting lules foi the tieatment of 
all gastric ulceis, but aie limiting om lemaiks to a consideiation of the 
operation of choice foi those patients who aie about to be subjected to 
suigical therapy (For discussions of the medical approach to this pioblem, 
the leader is lefened to the jiapers of BloomfiekF and Comfoit and Van 
Zanf*) An important factoi in determining the procedure of choice is 
whethei the lesion is benign 01 malignant V'lth the exception of a low acidity 
01 anacidity, which, when lehably detei mined, must be consideied as an 
indication of malignancy, the fallibility of pieopeiative diagnostic ciiteria in 
the individual case is so gieat that then A^alue as leliable aids is compiomised, 
and since there is a possibiht}'^ of erioi in diagnos.s even with the lesion 
visible and palpable, it would seem that the tieatment of choice is removal 
Howevei, considerations othei than the piobabihty of malignancy may in- 
fluence the selection of a given pioceduie, namely, the condition of the pa- 
tient, the feasibility of 1 emoval, the accessibilit}'- of the lesion, and the pi esence 
of metastases The aigument against paitial gastric lesection — whether wide 
excision 01 resection — because of the operative moitality, is not supported Ity 
the results in this group of patients On 47 patients ^Mde excisions or 
partial 1 esections were performed, with three deaths, a mortality of 6 3 per 
cent In conclusion it may be said that the attitude favoring 1 emoval of 
lesions of the stomath, when feasible, gains consideiable suppoit when con- 
fiimed by investigations on a thoioughly studied gioup of patients 

cox CLO SION 

In summarizing, a low acidity or anacidity, detei mined by a reliable 
method, remains the single most reliable evidence of caicmoma Since ap- 
pioximately 15 pei cent of carcinoma are associated with consideiable acid, 
and since all methods of diagnosis, including opeiative exploration, are 
fallible 111 some patients, it would seem that, when feasible, the operative 
theiapy of choice is wide excision of the lesion or gastric lesection 
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RETROGRADE ENTERIC INTUSSUSCEPTION 

Morris J Groper, MD 
San Fhancisco, Calif 

Retrograde intussuception is a suigical entity that is infrequently seen 
and less often consideied Retiogiade intussusception may involve any poi- 
tion of the gastio-intestinal tiact from the sigmoid to the stomach In a study 
of the hteratuie on this subject it is noticeable that reports of intussuscep- 
tion, both of the isopeiistaltic and the retrogiade type, have markedly inci eased 
duiing the past decade It is my intention to suggest a classification and to 
discuss the eitology and mechanics of intussusception The case which is 
herewith reported is of the enteric type and involved the ileum and jejunum 

Classification of Retiogiade Intussusception — A classification of the 
pathologic process along anatomic lines appears most logical (i) Jejuno- 
gastric — the jejunum piolapsing thiough the gastiojej unostomy stoma, (2) 
enteiic — the jejunum or ileum being involved, (3) ceco-ileal — the cecum 
piolapsing into the teiminal ileum, (4) colic — any portion of the large bowel 
invaginatmg a more pioximal part 

Numerous cases of letrograde intussusception of the jejunum as a com- 
plication of gastio-enterostomy have been noted This is a serious sequela 
that may occui many yeais aftei the initial operation and may result fatally 
unless diagnosed eaily Bettman and Baldwin® reviewed the literature up to 
1933, and found 33 cases similai to the one they reported Adams^ and Deben- 
ham^® both lepoited cases of retrograde jejunogastric intussusception with 
recoveiy Becker'* records a similai case in which the intussusceptum meas- 
uied 18 inches 

Cioffi® and Caminiti'^ each reported a case of letrograde intussusception 
involving the small intestine The foimei was due to a Meckel’s diverticulum 
while the latter was due to an angio-adenoma Todyo,“* m reviewing 154 
cases of intussusception, stated that he had seen three of the retrograde type 
One of them was retrograde, multiple, superimposed and lecunent Buck- 
ley® opeiated upon a child, age two, that showed a supei imposition of a retio- 
grade upon a diiect intussusception of the small intestine D’Aicy Powei,*" 
111 1899, wrote several accounts of the usual type of intussusception as well 
as accounts of his exjierience with two cases of the retiograde type Clubbe,® 
111 his volume on the diagnosis and treatment of intussusception, desciibes a 
combined case of simple and retrograde intussusception Goodyear*® leported 
one of the most interesting cases, in which he found a retiograde intussuscep- 
tion of the cecum into the teimmal ileum Lewis*® leported a case of retio- 
grade intussusception of the pelvic and descending colon into the transverse 
colon Mith the apex of the intussusception at the cecum Romanis and Mit- 
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chmer/'’ m their text-book of surgery, record one case of retrograde intussus- 
ception in the colon of a living patient Flemming^- successfully operated 
upon an intussusception of the descending colon into the transverse colon, the 
etiologic factor being a benign polyp In a study of i,ooo cases of intussus- 
ception, Fitzwilliams^^ reports six cases of the retrograde type In one of 
them the descending colon was invaginated into the transverse colon 
Schoenfeld^° reported the letrograde intussusception of the sigmoid into the 
descending colon in a child, age four months 

Etiology and Mechanics of Intussusception — The etiology of intussuscep- 
tion is still a moot question In many instances the causal agent is evident, 
but in numeious instances the exact nature of the process and its inception 
remain a debatable pioblem Perrin and Lindsay^® wrote a monograph based 
on a study of 400 cases They stated that 78 5 per cent of all acute intussus- 
ceptions occur m children under two years of age In their series they had 
two cases of retrograde intussusception The following causes of intussus- 
ception were listed by them for consideration (i) Perverted peristalsis, (2) 
a paralytic condition of the intestine which allowed the piolapse of one 
portion into another, (3) the presence of some congenital abnoimahty such 
as a constriction, or new giowth such as a carcinoma, acting as the precipitat- 
ing cause They offer for further consideration the theoiy that the swelling 
of preexisting lymphoid tissue, which is especially prominent in the ileocecal 
region, may piovoke an intussusception In very young childien gastro- 
intestinal distuibances are quite common When these two factors aie com- 
bined, it IS possible to conceive of an ileocecal or ileocolic intussusception 
occurring Strong catharsis must be considered in this connection as an 
additional factor 

Fitzwilhams^^ brings out a point which is worthy of emphasis He be- 
lieves that the apex of an intussusception is fixed arid does not change During 
the process of invagination the apex remains as a fixed point In discussing 
the mechanism fuither, he feels that slight intussusceptions piobably form 
frequently but their dissolution is physiologic In a small minority of cases 
it goes fuither A local constriction becoming overlapped by the dilated 
bowel below to such an extent that it can be grasped by the latter is all that 
is needed to initiate an intussusception There is a fine line between the 
physiologic and pathologic, and at times some small factor turns the scales 

Balfour® has been fortunate in actually observing the mechanism of retio- 
giade intussusception at the operating table In an operation for obstruction 
due to a tumor at the sigmoid he noted that there r^as a retrograde intussus- 
ception of the sigmoid into the descending colon The intussusception was 
1 educed but as he matched the area, stiong antiperistaltic activity set m and 
It invaginated itself again Balfour felt that retiograde intussusception of the 
small intestine m as an impossibility He believes that normally there may be 
in the large intestine antiperistaltic contractions but does not feel that this 
holds tiue of the small intestine He, therefore, holds that retrograde in- 
tussusception may not occui in the latter If it does it is a terminal event 
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associated with simple intussusception or with the leveise penstalsis of ob- 
struction In reviewing the literature numerous wiiteis quote from Lockhart- 
Mummery who states emphatically m his text-book “Retrograde intussuscep- 
tions do occui but only during death or as a result of asphyxia , they are not 
met with in practice ” This belief is contiadicted by the numeious case reports 
m the literatuie of letrograde intussusception of the small intestine in the 
living patient The mechanism involved is essentially the same as in the 
ordinary case of intussusception Instead of having inci eased noimal peiis- 
talsis, the neuromusculai mechanism is thrown into reverse so that forceful 
antipenstalsis is provoked Alvarez- devotes an entiie chaptei to the subject 
of reverse peristalsis He cites numeious incidents wherein drugs administered 
rectally weie vomited some hours latei The fecal vomiting of ileus is a 
classic example of the reversal of normal activity 

Treatment of Intussusception — We have traveled a long way m the mattei 
of therapy when we consider an aiticle written by Langstaff/^ in 1807, in 
which he repoits a case of intussusception which ended fatally in a child, 
age foul He concludes “At the same time that Ave recognize the inefficacy 
of art, these cases will teach us to repose a just confidence in the powers of 
nature, and to letain some hope of a favoiable CAcnt undei the most un- 
promising cn cumstances ” Langstaff pieferred to take the chance of letting 
the mtussusceptum slough with the hope that there would be a reestablishment 
of the continuity of the bowel This undoubtedly does occur since I have seen 
one such case 111 which the diagnosis was not made until aftei the intus- 
susceptum sloughed and was passed pei rectum In this instance the intus- 
susception involved the transverse and descending colon The patient made 
a spontaneous recoveiy 

In many cases, especially in children, reduction of the intussuscejition has 
been accomplished by the use of the baiium enema Howevei, in consideiing 
the matter of retrograde intussusception involving the large intestine, the use 
of the barium enema is contraindicated since all that would be accomplished 
would be an increase 111 the size of the intussusception with an aggravation of 
symptoms The treatment is early and adequate surgery The procedui e to 
be employed will depend on the causal agent and the condition found at opeia- 
tion The following case of retrograde enteiic intussusception complicated by 
volvulus IS an example of the difficulties encounteied m diagnosis and the 
radical therapy winch may be required 

Case Report — H R , white, female, age 6 g, unmarried, was seen at 7 a m , Decem- 
ber 29, 1938, and stated that she had been seized with a sudden, severe, spasmodic, epi- 
gastric pain, which caused her to cry out in distress The sharp pain continued to come 
and go at intervals and she had continued to have a constant residual dull ache limited 
solely to the epigastric region There was no radiation of pain She was nauseated 
frequently and had vomited twice Her bowels had moved that morning and there was 
no blood noted either in the stool or in the Aomitus Morphine sulphate Mas administered 
twice within a period of one hour with onlv moderate relief She stated that she had 
suffered with similar episodes o\er a period of one and one-half jears, none of these had 

346 



^oiumcii2 RETROGRADE INTUSSUSCEPTION 

dumber o 

approached the sc\entj of the present attack These attacks would appear at intcr\als 
of five or six weeks and last several hours Her last attack A\as fi\e days prior to the 
present one 

Ficvwus Hist 01 y — Patient had been actuc up to ten jears ago She had had 
measles, mumps, hooping cough and chickenpox There was no history of diphtheria, 
tj'phoid fever or rheumatic fever Her tonsils and a small lipoma were remoeed during 
her childhood 

There was no historj of claj -colored or tarrj stools, jaundice or food intolerance 
Aside from obesit}'' sbe had occasional ankle edema, dyspnea on exertion, and mild 
arthritis One year ago, a gastric analysis showed an anacidity, for which she had been 
taking 20 minims of hydrocblonc acid three times a day Ten years ago, because of 
easy fatigue, a basal metabolism was taken and showed — 20 She had been taking 
thyroid to correct this deficiency At that time she weighed 207 pounds Her present 
weight was 190 pounds Her menopause had occurred at the age of 40 

Physical E\amuiation — December 29, 1938 The patient was a well developed, obese 
woman who appeared younger than her stated age She looked moderately well and 
did not appear to be in much pain Temperature 992° F Pulse 70 Respirations 16 
The heart sounds were good, -with occasional extra systole B P 150/80 The abdomen 
appeared normal m contour No masses were seen Palpation revealed a perfectly soft 
abdomen with a suggestion of tenderness 111 the epigastric region There w^as a mass 
about the size of a grapefruit present m the left lower quadrant which was movable 
and not tender Sbe stated that she had been unaware of the presence of tins mass An 
examination by another physician, two weeks previoush, had not revealed any mass 

Urinalysis showed a slight trace of albumin with a few' hyaline casts There w'ere 
2-4 R B C and 3-4 W B C per high power field Hemoglobin 86 per cent, R B C 
4,410,000 W B C 12,500, w'lth 91 per cent neutrophils and 9 per cent lymphocytes 

Physical Examination — December 29, 1938 The general condition of the patient 
remained about the same throughout the day She w'as still having paroxysms of pain 
referred to the epigastric legion but they had become less severe She continued to be 
nauseated Examination of the abdomen revealed it to be distended, especially in the 
left low'er quadrant It moved freely w'lth respiration Palpation revealed a soft 
abdomen No guarding or ngiditv w'as present Slight tenderness w'as noted m the 
epigastric region m the midline A large, firm, nontender, ballottable mass filled the 
left low'er quadrant and extended tw’o fingers breadth above the umbilicus It had in- 
creased materially since the earlier examination It measured 24 cm m length and 
17 cm in breadth It could be grasped between the hands with ease and cause the patient 
no distress The tumor w'as flat to percussion while the rest of the abdomen was 
tympanitic WBC 11,200, with 95 per cent neutrophils and 5 per cent lymphocytes 
Stool examination w'as negative for occult blood 

Roentgenologic — Dr A Petrilli, San Francisco A P abdominal film “The right 
kidney is readily outlined opposite the nth and 12th dorsal and first tw'o lumbar vertebrae 
The outline of the left kidney is not definitely seen although its lower pole is suggested at 
approximately the same level The right kidney appears approximately normal m size, 
shape and position The general G I tract is unusually free of gas Two loops of bowel 
containing air are seen m the left upper quadrant but it is impossible to state defimtelv 
whether these are large or small bowel Overlying the middle of the abdomen, from 
the 4th lumbar vertebra to the pelvis and extending to the flanks, is a large, lobulated, 
soft tissue mass with smooth margins This mass contains no air The extension on 
the right side reaches to the flank but on the left it lies several centimeters from the flank 
Inferiorly, it reaches the upper margin of the distended urinary bladder The spine 
shows degenerative arthritic changes especialh between the 4th and 5tb lumbar vertebrae 
where the disk-space is narrowed more on the left side and there is some evidence of 
rupture of the nucleus pulposis Heavy lips of bone project from the lateral margins of 
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these two vertebrae (Fig i) Roentgenologic Diagnosis Intra-abdominal mass, degen- 
erative arthritis” Picopciahvc Diagnosis Acute intra-abdominal pathology, possibly a 
twisted ovarian cyst 

Opciation — Under spinal anesthesia, the abdomen was opened There was no 
free fluid present in the peritoneal cavity Several large, markedly distended, hemor- 
rhagic and apparently gangrenous loops of bowel presented themselves They were so 
apposed and adherent to each other that they gave one the impression on palpation 
of being a single rounded mass The loops of bowel were gradually oriented so that it 
was apparent that we were dealing with a retrograde intussusception of the ileum into 
the ileum and jejunum as well as a volvulus at the site of intussusception Neither the 



Fig I — Roentgenogram, taken three hours Tie 2 — Ileum showing multiple pol> pi within 

before operation showing large, soft tissue mass the lumen (A portion of the tumor has been 
filling the lower abdomen The mass outlined removed for section) 
by dotted line, consists of obstructed bowel con 
taming no gas 

volvulus nor the intussusception could be reduced because of the extensive edema present 
in the bowel and mesentery It w'as obvious that a resection was necessary Seven and 
one-half feet of jejunum and ileum were resected and a side-to-side anastomosis per- 
formed On opening the distal segment of bowel a small, isolated, mucosal polyp was 
noted It measured approximately 2 cm in height and r 5 cm at the base It was re- 
moved for examination The abdomen was closed wuthout drainage Silver wire was 
used as through-and-through retention sutures Fifteen thousand units of polyanaerobic 
antitoxin (Cutter) w'as administered intramuscularly 

Pathologic Examination — Gloss Dr P M Smith, San Francisco “The specimen 
(Fig 2) consists of approximately seven and one-half feet of small intestine, apparently 
it includes a small part of the jejunum, but is mostly proximal ileum The proximal and 
distal tw'o inches are pale red, the remainder is deep puiphsh-red and is markedly dilated, 
approximately 10 cm in circumference The mucous surface is dull red Four point five 
centimeters from the proximal end, there is an abiupt line of demarcation, proximal to 
which the mucosa is pale and has its normal lustre At the border of the discolored 
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Fig 3 — Photomicrograph of a portion of the tumor shoeing poJip formation 

(Low power) 
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poition there is a large, irregular, flattened poljpoid mass 6\6 cm m size The undei- 
lymg wall does not seem to be infiltrated A portion of the mesentery is maikedly 
thickened edematous and slightly congested There are no thrombi in the vessels An 
additional specimen measuring i 5x1x05 cm was removed from an adjacent loop of the 
ileum It IS partly covered by yellowish membrane ” 

Mtc) oscopic “In sections from the purplish area, the tissues are edematous and the 
capillaries and veins are dilated and filled with blood Many of the epithelial cells are 
exfoliated and their nuclei are pyknotic, but there is no loss of nuclear staining In the 
pobpoid masses in both the jejunum and ileum, the vilh are markedly elongated and the 
submucosa is increased in thickness (Figs 3 and 4) ” Pathologic Diagnosis “Segment 
of jejunum and proximal ileum showing marked edema, passive congestion and dilatation 
Benign mucous polypi, jejunum and ileum ” 

Postopeiative Course — The patient had an uneventful convalescence, her wouno 
healing per primam She was given three small transfusions of 250, 200, and 350 cc, 
and was discharged, January 26, 1939 

CONCLUSIONS 

(1) A case of letrogiade enteiic intussusception associated with volvulus 
IS piesented 

(2) Retiogiade intussusception may occui in any poition of the gastro- 
intestinal tiact A classification along anatomic lines is suggested 

(3) The diagnosis is difficult m most cases and will be made only at the 
time of opeiation 

(4) Early suigical interfeience is imperative 
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DIVERTICULITIS OF THE COLON WITH SPECIAL REFERENCE 
TO THE SURGICAL COMPLICATIONS 


Ebnest E Arnheim, MD 
New York, N Y’ 

FROM THF SURCICAL SERMCES OF THE MOUNT SINAI HOSPITAL NFU lORK N 1 

Diverticula of the colon produce clinical manifestations when secondary 
pathologic changes of an inflammatory nature occur These inflammatory 
changes may result in a variety of complications which call for surgical 
management That surgical intervention in the treatment of diverticuht.s 
of the colon is not infrequent is shown by a recent leport by Brown and 
Marcley,^ in which it is stated that, in the period from 1919 to 1929 in the 
Mayo Clinic, 277 cases of diverticulitis of the colon were treated medically, 
and 99 cases (26 per cent) were subjected to operation for this condition 
before or after coming to the Clinic 

The complications of diverticulitis of the colon requiring surgery may be 
listed as follows 

(1) Peritonitis resulting from passage of organisms through inflamed 
diverticula without perforation 

(2) Perforation of inflamed diverticula In the more acute perforations 
vaiying degrees of peritonitis are present, but usually by the time perfora- 
tion has occurred, protective adhesions have formed limiting the suppurative 
process and resulting in abscess formation 

(3) Fistula formation Fistulae between the colon and the abdominal 
wall, the colon and the bladder, or the colon and another portion of the in- 
testine may form by direct attachment and extension by necrosis, or by the 
secondaiy penetration of an abscess There may be many submucous fistulae 
in the wall of the bowel 

(4) Peridiverticulitis A chronic proliferative inflammation of the colon 
may occur as the result of repeated acute attacks This chronic inflammation 
of the extramucosal part of the bowel wall results in a thickening of the 
colon with tumor-like formation, and narrovMng of the lumen of the in- 
testine These cases may be confused with carcinoma of the colon because 
of the similarity in symptoms, and physical and roentgenologic findings 

(5) Metastatic suppuration 

(6) Carcinoma arising from diverticula of the colon 

Peiifointis Without Petfoiaiion of Dtvei ficula — One would expect a 
peritonitis resulting from a passage of organisms through inflamed di- 
verticula not infrequently as it occurs in acute appendicitis, since not only 
IS the wall of an inflamed diverticulum damaged, but it is also quite thin 
However, a review of the literature gives only a few, isolated case reports 
The first of these was that by Loomis,^** in 1870, wdio found such a condition 
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at postmoitem examination Other cases were leported by Cameron and 
Rippman,^ in 1910 

PentoniHs and Abscess Secondaiy to Divo ticuhtis of the Colon tvith 
Perforation — The first case of diverticulitis of the sigmoid ■with perforation 
and diffuse peritonitis was described by Fiedler,*^ in 1868, the condition being 
found at autopsy Jaboulay/^ in 1897, was the first to opeiate upon a patient 
with diverticulitis of the sigmoid with diffuse peritonitis In 1911, Patel-*’ 
collected from the literature 28 cases of diverticulitis of the sigmoid with 
perforation and peritonitis Some of these patients were opeiated upon and 
some were not, but the condition was fatal m all 

Brewer,^ in 1907, was the first m the American hteratuie to report cases 
of diverticulitis of the sigmoid with perforation and abscess He cited six 
patients who were operated upon for this condition In the same year, Mayo, 
Wilson and Giffin-“ reported three cases of diverticulitis of the sigmoid with 
abscess 

Telling,^® m 1908, reviewed the literature and found 50 cases of diver- 
ticulitis of the sigmoid with peifoiation In 24 patients, this resulted in 
abscess, in 14, in diffuse peritonitis, and m one, 111 a perforation into a heinial 
sac In 1912, McGrath-^ stated that there weie 27 patients with diverticulitis 
of the colon operated upon m the Mayo Clinic from 1902 to 1912 Peifora- 
tion occurred 111 six cases, resulting in abscess foimation in four of them 
Telling and Giuner,^*’ m 1917, wrote a comprehensive aiticle on diver- 
ticulitis of the colon, reviewing 324 cases m the liteiature In this senes, 
abscess occurred in 28 pei cent (90 cases), and diffuse peritonitis in 18 per 
cent (58 cases) Judd and Pollock,^'* m 1924, reported on the experience 
of the Mayo Clinic fioni 1907 to 1924 There had been 118 cases of diver- 
ticulitis of the sigmoid m wdnch operations were performed In this group, 
there were 17 cases of abscess, and one case of local peritonitis There were 
no instances of diffuse peritonitis 

Fifield,^” 111 1927, review^ed 52 cases of diverticulitis of the colon Per- 
foration occuired m 24 patients, resulting m abscess m ii instances, and 
diffuse peiitomtis m nine In 1928, Monsarrot-- repoited on 18 cases of 
diveiticulitis of the colon Perforation ivas noted 111 ten patients, resulting 
in abscess in six instances, local peritonitis in two, and diffuse peritiomtis in 
tw^o In 1929, Newton-^ reviewed 44 cases of diveiticulitis of the colon 
Perforation occurred in 13 patients, resulting m abscess 111 seven, local peri- 
tonitis 111 one, and diffuse peiitomtis m three 

Conwa}'- and Hitzrot,^ 111 1931, repoited on a senes of 36 cases of diver- 
ticulitis of the colon There w^ere 14 instances of abscess, and nine cases of 
vaiying degrees of peritonitis In the same year, Eggers" leview^ed 24 cases 
of diverticulitis of the colon Peiforation occuired m seven patients, re- 
sulting 111 abscess m three of them, and diffuse peritonitis in four In 1934, 
Edwaids® leviewed 130 cases of diverticulitis of the colon Perforation with 
peritonitis occurred m foui instances, abscess m three, and abscess wuth 
secondary perforation into the peritoneum m three Browm and jTarcley,^ 
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m 1937, rcpoitcd on 88 cases of dn'Ci liaihtis of the colon opciated upon m 
the Mayo Clinic fiom 1919 to T929 Peifoiation occuiied in 17 patients, 
resulting in abscess in 11 instances, and vaiying degiees of peiitonitis 111 six 
cases 

Thus, there is a gieat variation in the lepoited incidence of abscess and 
peritonitis lesulting fiom diveiticulitis of the colon with peifoiation, in the 
abscess gioup, vaiying fiom 4 to 39 pei cent, and m the peiitonitis group, 
vaiying fiom o 8 to 25 pei cent In the entiie group of 834 cases of di- 
veiticuhtis of the colon, the incidence of abscess was 19 per cent, and peri- 
tonitis 12 per cent 

'P'lstulae — Jones, in 1859, lepoited the fiist case of diverticulitis of 
the sigmoid with a fistulous communication between the bladdei and the 
sigmoid This was an autopsy finding In 1907, Mayo, Wilson and Giffin-® 
leported three cases of diverticulitis of the sigmoid which lesulted m fistulae 
between the sigmoid and bladdei In the 50 cases of diveiticulitis of the sig- 
moid with peifoiation leviewed b}'^ Telling,-® m 1908, ii patients had vesico- 
intestinal fistulae 

Paiham and Hume,®"’ in 1909, leviewed 385 cases of vesico-intestinal 
fistulae, and lepoited that m 65 instances the cause was inflammatory Al- 
though only three cases of diveiticulitis of the colon weie noted, it is likely 
that this condition was also piesent in otheis of the inflammatory gioup, 
especially as in many of these the fistulae weie between the bladdei and the 
sigmoid In the gioup of 27 cases of diverticulitis of the sigmoid repoited 
by McGiath,®^ m 1912, theie weie fistulous communications with the bladder 
in two patients 

Bryan,® 111 1916, leviewed the liteiatuie of sigmoidovesical fistulae and 
found that 22 of the 42 cases weie secondary to diveiticulitis of the sigmoid 
111 Telling and Giunei’s®® leview of 324 cases of diveiticulitis of the colon, 
in 1917, theie weie 38 instances of iieifoiation into the bladdei 

Sutton,®® in 1921, leviewed 34 cases of vesicosigmoidal fistulae, and found 
diverticulitis of the colon present in six instances In the group of 118 
cases of diveiticulitis of the sigmoid leported by Judd and Pollock,^"* m 1924, 
theie weie eight instances of fistulae between the sigmoid and the bladder 
Fifield,^® in 1927, lepoited foui cases of vesicocolic fistulae in a gioup 
of 52 cases of diveiticulitis of the colon In 1929, Newton®® noted two 
cases of sigmoidovesical fistulae in a gioup of 44 cases of diveiticulitis of 
the colon Rankin and Brown,®^ in 1930, lepoited 48 operated cases of 
sigmoidovescial fistulae in a group of 481 cases of diveiticulitis of the colon 
In 1932, Lett’^" reported seven instances of vesicosigmoidal fistulae 111 a 
group of 1/2 cases of diveiticulitis of the colon Lockhart-Mummery,^® m 
discussion, obseived four cases of sigmoidoA'^esical fistulae in a group of 87 
cases of diveiticulitis of the colon Nitch,®'* in discussion, stated that in 20 
cases of diverticulitis of the colon, scA'eii cases developed vesicocolic fistulae 
In a gioup of 130 cases of diveiticulitis of the colon leviewed by Ed- 
wards,® m 1934. theie weie two instances of fistulae between the sigmoid 
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and bladdei Blown and Maiclc)'-,- in 1937, lepoited 15 cases of siginoido- 
Aesical fistulae in a gioup of 88 cases of diverticulitis of the colon Kellogg,’ ’ 
in 1938, levle^\ed 88 cases of vesico-intestinal fistulae, and lepoited 37 in- 
stances of diverticulitis of the colon 

Thus, fistulae between the sigmoid and the hladdei ai e 1 elatively frequent 
complications of diverticulitis of the sigmoid, and such complications aie 
11101 e common 111 this condition than 111 caicinoma of the sigmoid Theie is 
a wide vaiiation 111 the leported incidence of sigmoidoi esical fistulae result- 
ing from diveiticulitis of the colon, var3ung f 10111 i 5 to 35 pei cent, hut 111 
the entile gioup of 1,516 cases of diverticulitis of the colon the incidence vas 
8 pel cent 

Pe) idivei ticulifis — In 1907, Mayo, Wilson and Giffiii-” lepoited five cases 
111 which a poition of the sigmoid i\as excised foi dueiticulitis of the sigmoid 
with tunior-like foiniation and ohstruction (peiidiveiticulitis) These were 
the first recoided instances 111 which the pathologic changes 111 diverticulitis 
of the colon vere denionstiated duiiiig life McGiath,-’ 111 1912, lepoited 
the pathologic changes of peiidiveiticulitis m 26 of the 27 cases of divei- 
ticulitis of the colon opeiated upon at the Ma}0 Clinic fiom 1902 to 1912 

Telling and Giunnei,’’’ in 1917, noted an incidence of 24 pei cent (78 
cases) of pendneiticulitis in then review of 324 cases of diveiticulitis of the 
colon In 1927, Fifield’^ leported evidences of intestinal ohstiuction due to 
peiidiveiticulitis in 30 pei cent (16 cases) of 52 cases of diveiticulitis of the 
colon NewTon,-"* in 1929, lepoited tw^o cases of large intestinal ohstiuc- 
tion in 44 cases of diveiticulitis of the colon 

In 1930, Rankin and Biowm-" lepoited an incidence of 31 per cent (71 
cases) of tumefaction in 481 cases of diveiticulitis of the colon Conway 
and Hitziot,^ in 1931, noted two cases of stenosis of the colon in a gioup of 
36 cases of diveiticulitis of the colon Eggers,” in the same yeai, lepoited 
nine cases with ohstiuction of the colon, due to a mass, in 24 cases of divei- 
ticulitis of the colon Biowui and Maicle},- m 1937, lepoited on 88 cases of 
diveiticulitis of the colon opeiated upon at the Mayo Clinic fiom 1919 to 
1929 In this group, 41 cases weie subjected to colon lesections because of 
the evidence of pendiveiticulitis 

In the lepoited incidence of peiidiveiticulitis m cases of diverticulitis of 
the colon, theie is a wude vaiiation of diffeient lepoits, from 6 to 96 per cent 
In the entile gioup of i 049 cases of diveiticulitis of the colon, the incidence 
of peiidiveiticulitis w'as 20 pei cent 

Metastatic Suppiii atioii — Theie aie thiee lejioited cases of dneiticulitis 
of the colon with metastatic suppuiation, the evidences of which being found 
at autops} The fiist case was lejioited In Mlnte, ’ in 1906 lIis patient 
died of multiple Inei abscesses In 1921, Foggie” reported a case of dner- 
ticulitis of the colon w ith multiple lung abscesses and a hram abscess Kramer 
and Robinson,’'’ 111 1926 lepoited the fiist case of dneiticulitis of the colon 
with pylephlebitis This patient had a suppuiatne phlebitis of the mesenteiic, 
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splenic and poital veins, a suppurative hepatitis and cholangitis, and multiple 
liver abscesses 

Cm ctnoma — Diverticulitis of the colon bears no etiologic relationship to 
carcinoma of that organ Occasionally the two conditions may coexist, but 
such an occuirence is incidental This was demonstrated by Rankin and 
Brown, m 1930, who reported that m 227 cases of diverticulitis lequir- 
ing operation, coexisting carcinoma was found 111 only four instances The 
same authors noted that diveiticulosis of the colon was found in only four 
instances in a group of 679 operated cases of carcinoma of the colon Fal- 
lon,® in 1930, reported 625 cases of diverticulitis of the colon m 1,800 cases 
of diverticulosis of the colon Coexisting caicinoma was found m 05 per 
cent of the cases Diverticulitis of the colon was associated with carcinoma 
m 19 cases m a group of 1,600 operated cases of carcinoma of the colon 
Summary of a Review of the Literature — Divei ticulitis of the colon 
progressed to the development of surgical complications in over one-half of 
the cases, in the following ihcidence Pendivei ticulitis 20 per cent, abscess 
19 pel cent, peiitonitis 12 per cent, and sigmoidovesical fistula 8 per cent 
In the ten-year peiiod, 1927-1937, there was 35 cases of diverticulitis of 
the colon admitted to the Surgical Services of the Mount Sinai Hospital 
There were no surgical complications in 16 of these cases The type and 
incidence of surgical complications in the lemammg 19 cases weie as follows 
Peritonitis without perforation m two , abscess m five , pei forative peritonitis 
111 five, stenosis (peiidiverticulitis) m four, sigmoidovesical fistula m two, 
and associated carcinoma in one 

The essential features of the cases of diverticulitis of the colon without 
suigical complications are summaiized m Table I 

The following are the case lecords of the 19 cases of divei ticulitis of the 
colon with surgical complications 

PERITONITIS WITHOUT PERFORATION 
Case I — Hosp No 267893 S K , female, age 59, was admitted to the hospital, May 
31, 1927, with the complaint of severe, lower abdominal pain of 12 hours’ duration There 
had been previous attacks of lower abdominal pain and marked constipation for 20 
years Temperature 1024° F There was tenderness and spasticity in both lower 
quadrants of the abdomen, more marked on the right side Leukocytes 20,000, 90 per cent 
polymorphonuclears 

A preoperative diagnosis of acute appendicitis with local peritonitis was made, and 
a celiotomy was performed on the day of admission Thin, brown, odorless fluid was 
found m the pelvis There was fibrinous exudate on the wall of the sigmoid at the site 
of the inflamed diverticula The appendix was removed and the pelvis drained at site 
of the inflamed diverticula of the sigmoid The convalescence was uneventful, and the 
patient W'as discharged 35 dajs after operation 

Case 2 — Hosp No 276653 R B , male, age 39, was admitted to the hospital, 
August 10, 1927, w'lth a history of generalized abdominal pain for eight days, fever and 
obstipation for seven davs, and a chill on the day before admission The patient w'as 
acutely ill Temperature 106 2° F The abdomen w'as distended, and there was gen- 
eralized abdominal tenderness and spasticity 
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Case Age 

I 66 


2 83 


3 66 


A 72 


S 67 


6 68 


7 S7 


8 


76 


9 66 


10 64 


Tablc I 


DIVERTICULITIS OF THE COLON WITHOUT SURGICAL COMPLICATIONS 


Sex 

P 


P 


P 


P 


M 


M 


P 


P 


r 


M 


History 

Physical 

Examination 

Laboratory 

Data 

X-Ray 

Course 

Constipation for many 
years, bloody diarrhea 
for I day 

Temperature 
100 6° F , 
obesity 

Hemoglobin 
S 3 %. WBC 

8 400 polys 
64%, gross 
blood in stools 

Multiple large 
diverticula and 
marked spastic- 
ity of entire co- 
lon 

Improved, 
recurrence 
of bloody 
stools 2 y rs 
later, died 4 
yrs later — 
cause un- 
know n 

Upper abdominal pain 
forawks .constipation 
for 10 days 

Temperature 
101° F , obe- 
sity 

WBC 8 200 
polys 73 % 

2 diverticula and 
marked spastic- 
ity of sigmoid 

Improved 

Constipation for ro 
yrs , epigastric pain for 

3 yrs , loss of i\ eight for 

8 mos 

Temperature 
100 4° F 

WBC s 600 
polys 50% 

Many divertic- 
ula in descend- 
ing colon and 
sigmoid with 
marked spactic- 
ity of sigmoid 

Improv ed, 
sy'mptom- 
freo 6 mos 
later 

Upper abdominal pain 
nausea vomiting and 
abdominal distention 
for 2 yrs , marked up- 
per abdominal pain 
and constipation for 3 
days 

Temperature 
102° F , gen- 
eralized ab- 
dominal ten- 
derness and 
distention, 
obesity 

W B C 23 900 
polys 91% 

Several large di- 
verticula and 
marked spastic- 
ity of sigmoid 

Improved, 
occasional 
abdominal 
pain 3 yrs 
later 

Loi\ er abdominal pain 
and constipation for 5 
days 

Temperature 
99 6° F , mass 
in left lower 
quadrant of 
abdomen 

W B C 14 000 
polys 87% 

Many divertic- 
ula and spasm 
of sigmoid 

Improved, 
died 3 >rs 
later — 

cause un- 

know n 

Loiver abdominal pain 
and constipation 10 
yrs ago and for past 8 
days 

Temperature 
loi 6°F .ten- 
derness in 
lower left 
quadrant of 
abdomen 

WBC 16 000 
pol>s 81% 

Several small 
diverticula and 
spasm of sig- 
moid 

Improved 

Constipation for many 
years* abdominal pain 
for 3 days 

Temperature 
100 4° F .ten- 
derness in left 
lower quad- 
rant of abdo- 

Guaiac posi- 
tive stool 

Several small 
diverticula of 
sigmoid 

Improv ed 


men 




Diarrhea for 13 jrs , 
abdominal pain for 2 
yrs 

Temperature 
100° F , obe- 
sity 

WBC 9 100 
polys 78% 

Diverticula of 
sigmoid with 
marked spasm of 
descending co- 
lon and sigmoid 

Improved, 
sy mptom- 
free i yr 
later 

Generalized abdominal 
pain and diarrhea for 

3 "ks 

Temperature 
100 2° r sig- 
moidoscopy 
negative 

M B C 6 300 
polys s8% 

Diverticula of 
ascending and 
descending co- 
lon and sigmoid 
w ith moderate 
spasm of sigmoid 

Improv ed 

Constipation i mo 

Temperature 
103° r , sig- 
moidoscopj 
negative 

W B C 30 800 
polvs 82% 
guaiac positive 
stool 

Many divertic- 
ula and spasm of 
descending co- 
lon 

Improved 
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Cabe Age Se\ 
II 76 r 


12 77 M 


13 78 M 


14 70 F 


IS 64 F 


16 so F 


History 

Diarrhea and loss of 

V eight for 8 mos 

Physical 

Examination 

Temperature 
100 6° F , 
spasm at rec- 
tosigmoid on 
sigmoidoscopy 

Laboratory 

Data 

Guaiac posi 
tive stool 

X-Ray 

Diverticula and 
spasm of sigmoid 

Course 

Improved, 

recurrence 

of diarrhea 
4 yrs later 

Constipation for many 
years generalized ab 
dominal pain and loss 
of weight for 3 mos 

Temperature 
99 2° F , sig- 
moidoscopy 
negative 

Guaiac posi 
tive stool 

Diverticula of 
hepatic flexure 
descending co 
Ion and sigmoid 
with marked 
spasm of de- 
scending colon 
and sigmoid 

Improved 

Abdominal pain and 
constipation for 3 days 

Temperature 
104° P , ten 
derness in 
right upper 
quadrant of 
abdomen ab- 
dominal dis 

tention 

W B C 8 000 
poljs 80% 

Many divertic- 
ula and spasm of 
descending co 
Ion and sigmoid 

Improved 

Diarrhea and vomiting 

6 and 3 yrs ago diar 
rhea upper abdominal 
pam and loss of weight 
for 3 mos 

Temperature 
1002° F 
marked spasm 
and injection 
of mucosa of 
sigmoid on 
sigmoidoscop> 

W B C 6 200 
polys 72% 

Many small di 
vprticula and 
spasm of sig- 
moid, diverticu 
lum of second 
part of duode 
num 

Improved 

Pam m left low er quad- 
rant of abdomen and 
blood in stool for 2 days 

Temperature 
102° r ten- 
derness in left 
lower quad- 
rant of abdo 

men 

W B C 19 000 
polys 84% 

Many small di- 
verticula and 
spasm of sig 
mold 

Improved 

Lower abdominal pam 
for 2 days 

Temperature 
100 4'’F ,ten 
derness and 
spasm in left 
low er quad 
rant of abdo 

men 

W B C II 300 
polys 60% 

Diverticula of 
descending Co 
Ion and sig- 
moid with 
spasm of sig- 
moid 

Improved 


A preoperative diagnosis of acute appendicitis with diffuse peritonitis was made, and 
celiotomy was performed on the day of admission A diffuse peritonitis was found, and 
an appendicectomy and drainage was performed The patient died five liours after 
admission The culture of the peritoneal fluid was reported Sfi cptococctis haciiiolvttcus 
Autopsy — The peritoneum w'as dull and co\ered b\ fibrinous exudate, with about 
200 cc of sanguinopurulent fluid in the peritoneal cavitv The peritonitis was most 
marked in the pehis Some coils of lower ileum \vere lightlv adherent to the sigmoid 
The sigmoid was found to be markedly indurated and adherent to the posterior peritoneum 
the regional hmph nodes of the sigmoid were enlarged When opened, the colon showed 
numerous inflamed, narrow -mouthed dnerticula extending from the ascending colon to 
the sigmoid 


PKRFORATION WITH ABSCKSS 

Case 3 — Hosp No 265596 R M , male, age 38 w’as admitted to the hospital, March 
29, 1927, with the complaint of pain in the left lower quadrant of the abdomen and left 
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flank of three days’ duration Temperatuie 1026° F Tlieie A\as tenderness in the 
epigastrium, and tenderness and spasticity in the left uppei quadrant of the abdomen 
Leukocytes 18,000, 86 per cent polymorphonuclears 

During the first week of hospitalization, the patient ran a temperature from 101° to 
1038° F The abdominal signs and leukoc}tosis continued Clinical and roentgenologic 
evidences of a consolidation of the lower left lobe developed Tenderness o\er the left 
low^er ribs A\'as noted The patient A\as thought to haAC a left subphremc abscess, and he 
Avas operated upon one Aveek aftei admission A large abscess undei the left diaphragm, 
mesial and lateral to the spleen, AA^as incised and drained 

Postopoafivc Com sc — The patient lan a stormy course EleA^ated temperature con- 
tinued for about tAVO months A fecal discharge Avas noted from the A\ound soon after 
operation and persisted for Aa^c Aveeks There AA'ere persistent clinical and roentgenologic 
signs of a pneumonia of the left loAA'er lobe A barium enema, tAvo months after opera- 
tion, revealed a large diverticulum in the upper portion of the descending colon Avith 
considerable spasm of the entire descending colon The tiji of a drainage tube Avas close 
to the site of the diverticulum The patient AA'as dischaiged tAvo months aftei admission 
Sitbscqueuf Comsc — The patient AA'as readmitted four years later, Avith a history of 
loAA'er abdominal pain and fever of three days’ duration Temperature 104° F There 
Avas tenderness and spasticity in the left loAver quadrant of the abdomen LeukocAtes 
18,200, 82 per cent polymorphonuclears 

The temperature dropped steadil3', and AAas noimal Iaa the fourth daj of hospitali- 
zation By this time, the abdominal signs had disappeared, and the leukocytes Avere nor- 
mal During the second Aveek of hospitalization a mass Avas felt in the left loAAer quad- 
rant of the abdomen The patient AA'as discharged three Aveeks after admission 

The patient remained Avell for a period of four 3'ears, Avhen he AAas again readmitted 
because of pain m the epigastrium and upper right quadrant of tAAO da>s’ duration 
There Avas tenderness m right upper quadrant, and a roentgenogram of the gallbladder 
shoAved failure of visualization A cholescj stectoniA for chionic cliolecj'stitis and 
cholelithiasis Avas performed The patient’s coiiA’alescence AAas uneventful 

Case 4 — Hosp No 295313 J G, male, age 55, Avas admitted to tlie hospital, October 
3, 1928, AVith the history of a chill ten days pievioush Tins Avas followed on the next 
day by pain in the loAver abdomen in the midline, and on the left side, Avhich continued 
until admission For five days the patient had had chills and had run a temperature up to 
104° F Thereafter the chills stopped, but the temperature continued 

On admission, the temperature AA'as 102” F There AAas marked tenderness in the 
left loAver quadrant of the abdomen On lectal examination there Avas a small, tender 
mass high up on the left side LeukocAtes 5,200, 68 per cent poh morphonuclears 
Barium enema shoAved spasm of the sigmoid The patient continued to haAe an elcAatcd 
temperature up to loi 6° F for tAVO AA'eeks 

Opciatiou — Taa'o Aveeks after admission Spinal anesthesia The sigmoid AAas bound 
doAvn to the bladder anteriorh, the small intestine mesialh, and the lateral pehic AAall 
laterally On separating the sigmoid from the lateral pelvic AAall, an abscess AAas en- 
countered containing tAAO ounces of thick, creann', odorless pus The sigmoid and its 
mesenterj' 111 this region felt indurated, and the opeiator AAas in doubt as to AAhether this 
induration AA'as due to neojilasm or inflammation On the anterior and lateral AAalls of 
the sigmoid there AAere multiple dnerticula, and on the posterior AAall a perforation could 
be seen Avhich enteied the inesenterA After the abscess AAas cAacuated the inesosigmoid 
Avas ligated, and a klikuhcz exterioi ization of the sigmoid Avas performed draining the 
inesenterA on either side AAith packing and rubber dam A tube AAas placed in the pehis 
1 he culture of the pus aa as reported B coh 

The exteriorized sigmoid AAas found to be necrotic, and AAac excised tAAo dajs after 
operation Clinical CAidences of peritonitis dcA eloped and the patient died tAAo AAceks 
after operation 
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Autopsy — There was a gangrenous inflammation of the abdominal wound and 
tissues surrounding the operative site with localized pelvic peritonitis There were 
many inflamed diverticula of the sigmoid 

Case 5 — Hosp No 345651 P K, male, age 57, was admitted to the hospital, 
November 14, 1932, with a history of right lower quadrant abdominal pain, constipation, 
and vomiting of four months’ duration, loss of weight for two months, and a chill two 
weeks before admission, with continuous fever since then Temperature 986° F Ex- 
amination of the abdomen showed slight tenderness m the right upper quadrant Barium 
enema revealed spasm and many diverticula of the sigmoid On the twelfth day of 
hospitalization the stools became grossly bloody Two days later there was a rise in 
temperature to 103° F , associated with lowei abdominal pain and bloody stools Rectal 
examination revealed a mass on the left side extending upward On sigmoidoscopy, 
there was found to be an obstruction at the rectosigmoid, with a polypoid appearance of 
the mucosa at that site 

Opcwtion — Seventeen days after admission Spinal anesthesia The sigmoid was 
found to be rather short and fixed Several diverticula of the sigmoid were seen An 
abscess, posterior to the sigmoid, was entered and about two ounces of thick, creamy, 
odorless pus was evacuated A rubber tube dram was inserted into the abscess cavity 
The culture of the pus was reported B coh 

The patient’s postoperative course was uneventful except for some wound infec- 
tion until the tenth day, when the temperature rose to 104° F , and he died 36 hours 
thereafter 

Autopsy — There was an inflammatory mass involving the sigmoid, omentum and a 
loop of ileum m which there were a number of small abscesses containing green pus 
The descending and sigmoid colon was adherent to the lateral parietal peritoneum 
The abscess to the left of the sigmoid had been drained From the abscess cavity, a 
probe could be inserted through a small perforation into the lumen of the sigmoid at 
the site of a perforated, inflamed diverticulum At the site of attachment of the ileum 
to the sigmoid, there was an ileosigmoidal fistula The wall of the sigmoid was greatly 
indurated The mucosa was thickened, reddened and gianular There were many 
diverticula of the sigmoid, the mouths of which were patent but narrow kfost of the 
diverticula contained fecohths 

Case 6 — Hosp No 406338 C R , female, age 38, was admitted to the hospital, 
March 27, 1937, with the history of chills and fever starting 16 days before admission 
The following day she began to complain of left lower quadrant abdominal pain which 
persisted until admission Associated with the onset of the abdominal pain, there was 
severe, nonbloody diarrhea which lasted for three days The patient vomited several 
times during the first two days of her illness The chills and fever subsided after the 
first day of the illness, but recurred daily for three da}'s prior to admission Temperature 
103 2° F Examination revealed a large, hard, tender mass in both lower quadrants of 
the abdomen, more on the left side, extending to the umbilicus There was tenderness 
and spasticity in both lower quadrants of the abdomen away from the mass, more on the 
left side Pelvic examination revealed a hard, nodular mass m the pelvis Leukocytes 
18,700, 80 per cent polymorphonuclears The temperature continued to be elevated, the 
mass became larger, and the patient’s general condition became worse On the third 
day of hospitalization, the temperature rose to 105 2° F 

Opeiation — Three days after admission Avertm-gas-oxygen-ether anesthesia There 
was some clear, yellow fluid m the peritoneal cavity, with dilatation of the small intes- 
tine A large, hard mass occupied almost all of the left lower quadrant The sigmoid 
was separated from the lateral pelvic wall, and an abscess was entered containing about 
two ounces of thick, foul-smelling, green pus and air The abscess was drained by 
tube and packings The patient’s condition remained poor and she died during the first 
postoperative daj 
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Autopsy — In the pelvis, especially on the left side, there were an adherent series 
of ileal loops to a large mass, the size of a grapefruit The rubber tube dram and pack- 
ings entered a bilocular abscess cavity, each locule measuring about 7x5 cm m diameter 
The walls of the cavities were lined by a thick, rough, shaggy, green exudate, and in 
one locule there was about 200 cc of turbid, thin, green, foul-smelling fluid The other 
locule was empty The abscess cavity was bounded by the bladder anteriorlv, the uterus 
mesially, the left broad ligament and the sigmoid posteriorly, and the pelvic peritoneum 
and sigmoid laterally An undrained abscess cavity was found posteriorly behind the 
left broad ligament, between it and a pedunculated fibroid arising from the posteiior wall 
of the uterus The cavity \\as about 6x4 cm in diameter, was not connected with the 
anterior drained abscess, and contained about 100 cc of thin, green, foul-smelling fluid 
The wall of the sigmoid was thickened The serosal surface formed a part of the 
lateral wall of the large, anterior abscess Three diverticula were found in the sigmoid 
Two of these were perforated, entering the anterior and posterior abscesses, and the 
third was intact 

Case 7 — Hosp No 415178 F C, male, age 35, was admitted to the hospital, 
October 9, 1937, with the complaint of lower abdominal pain of eight days’ duration 
The pain had gradually decreased m severity until the day before admission, when it 
became severe following an enema During the same period he had nausea and an 
intermittent temperature up to 102° F He had always been constipated Temperature 
102 8° F On rectal examination a tender exudate was felt high up Leukocytes 22,100, 
89 per cent polj'morphonuclears 

The patient was given intravenous fluids for a week, and during this period a Levin 
tube was used to combat abdominal distention During this time, the temperature ranged 
from 994° to 1034° F The leukocytes diopped to 13,700, w'lth 80 per cent poly- 
morphonuclears At the end of the first week of hospitalization, the rectal exudate was 
less, the tenderness decreased, and the spasticity had disappeared During the second 
week of observation, the rectal mass became smaller, and an indefinite mass w'as felt m 
the lower abdomen The temperature ranged between 992° and 102° F , leukocytes 
12,400, with 80 per cent polymorphonuclears During the third w'cek, the rectal mass 
could not be felt, and the abdominal mass w'as still questionable The temperature varied 
betw'een 99° and 1018° F, leukocytes 11,900, w’lth 83 per cent polymorphonuclears 
During the fourth w'eek, the mass in the lower abdomen w'as distinctly palpable 

Operation — Five w'eeks after admission Avertin-gas-oxygen-ether anesthesia A 
pelvic abscess was found which contained about six ounces of thick, green, odorless 
pus The appendix w'as not acutely inflamed The abscess W'as drained wuth Penrose 
drams The culture of the pus w'as reported B alkahgencs A fecal fistula w'as noted 
one W'eek postoperative, w'hich lasted for two w'eeks A low' grade fever continued until 
discharge The patient left the hospital three w'eeks after operation 

Subsequent Cowse — A barium enema performed three months after discharge re- 
vealed diverticula and spasm of the sigmoid The patient was symptom-free for a 
period of 16 months, when he was readmitted w'lth the complaint of low'er abdominal 
pain of four days’ duration The examination was negative except for a ventral hernia 
at the operative site Sigmoidoscopy w'as negative, and the barium enema revealed the 
diverticula and spasm of the sigmoid The abdominal pain soon subsided and the 
patient was discharged in ten days 

PERFORATION AND PERITONITIS 

Case 8 — Hosp No 277092 Baby S , male, age 18 hours, w'as admitted to the hos- 
pital, February 25, 1927, w'lth abdominal distention, obstipation and vomiting since birth 
The child w’as full term, and there w'as nothing unusual about the delivery Temperature 
100° F , and the abdomen w'as markedlj' distended 

Opeiatwn — ^Tw'o hours after admission Ether anesthesia The peritoneal cavity 
W'as filled w'lth dark brow'n fluid The small intestines w'ere distended, purple in color, 
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and covered by fibrinous exudate An ileostomy was pei formed Following operation, 
the child’s condition remained poor, and he died three days after operation 

Autopsy — The peritoneal cavity contained about 50 cc of brown fluid The peritoneum 
and peritoneal surfaces of the abdominal organs were coated with a fibrinous exudate 
which assumed a plastic character in the upper abdomen, especially over the liver, omentum 
and spleen The enterostomy tube was found in the ileum, about 15 cm above the ileocecal 
valve The small intestine proximal to this was moderately distended The remainder 
of the ileum and the large intestine were collapsed The omentum was rolled up and 
lay in the left upper quadrant It was greenish-black in color, and in attempting to 
separate it from the surrounding adherent structures, it was found to enclose a large 
abscess cavity There was an inflamed, perforated diverticulum of the splenic flexure 
of the colon, which opened into the abscess cavity 

Case 9 — Hosp No 288489 M R , female, age 71, was admitted to the hospital, 
February 25, 1928, with the history of generalized abdominal pain and obstipation for 
two days, and vomiting for one day Tempeiature 103° F The abdomen was distended, 
and there was generalized abdominal tenderness and spasticitv Leukocytes 8,600, 
96 per cent polymorphonuclears Soon after admission, the pulse became very irregular, 
and there was marked circulatory collapse The patient’s poor condition continued, 
and she died one week after admission 

Autopsy — The peritoneal cavity contained about 300 cc of yellow pus and fibrin 
There was a large diverticulum, about 2 cm m diameter, in the duodenum just below 
the papilla of Vater In the cecum there were three small diverticula Theie were sev- 
eral small diverticula of the sigmoid, one of which had perforated The sigmoid wall 
was necrotic around the perforated area 

Case 10 — Hosp No 348476 E M, female, age 44, was admitted to the hospital, 
January 29, 1933, with the history of lower abdominal pain following the taking of 
Epsom salts, vomiting and diarrhea of three days’ duration, and a chill one hour before 
admission Temperature 1044° F There was a diffuse abdominal tenderness and 
spasticitv, most marked in the left lower quadrant In the latter region, a large indefinite 
mass could be felt 

Opciation — Four hours after admission Spinal anesthesia The peritoneal cavity 
contained free, turbid fluid Loops of bowel and omentum were adherent m the region 
of the sigmoid, forming a large mass which extended dovn into the pelvis The small 
intestine was congested, dilated, and covered with flakes of fibrin Thick pus was found 
in the pelvis Two small necrotic areas were found on the anterior wall of the sigmoid 
This loop of the sigmoid was exteriorized, and the abdomen was drained The patient’s 
condition remained poor, and she died during the first postoperative day 

Autopsy — The exteriorized loop of sigmoid was dark red in color and presented an 
opening about 4 Mm in diameter into its lumen There was seropurulent fluid in the 
pelvis, in both lumbar gutters, and under the liver Several collections of thick, green 
pus were found between intestinal loops The intestines were markedly dilated The 
descending colon and sigmoid showed many dnerticula, two of which in the sigmoid had 
perforated 

Case II — Hosp No 375348 R S, male, age 28, was admitted to the hospital, 
January 5, 193S, with the complaints of para-umbilical pain and nausea of 14 hours’ 
duration He vomited and had a chill one hour after onset of the pain He had had 
two previous attacks of abdominal pain, one seven months and the other six weeks 
before Temperature 103 4° F There was marked tenderness and spasticity 111 both 
lower quadrants of the abdomen On rectal examination, there was tenderness and ful- 
ness high up The preoperative diagnosis was acute appendicitis with local peritonitis 
Operation — Three hours after adm’ssion Gas-oxygen-ether anesthesia The peri- 
toneal cavitv contained a large amount of thin, greenish-yellow fluid The appendix 
was not acuteh inflamed The loops of small intestine in the pelvis were reddened 
There was a small amount of fibrin on the sigmoid A small, necrotic area with an 
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ol)\K)iib pcitoration was found in the w’all of the sigmoid ncai the mesentciic attachment 
Two fattv beads presented close to the area of perforation The peiforation w-as closed, 
and diainagc instituted to the site of peiforation 

The culture of the pus was lepoited B toh The postoperatue couise w'as unevent- 
ful Intraienous fluids weie gnea foi three da}'s The temperature w^as normal bj the 
fifth postoperative day The patient was discharged on the fifteenth postoperative day 
Case 12 — Hosp No 389034 S H , male, age 49, w'as admitted to the hospital, 
Januari 20, 1936, wuth the liistorj of lower abdominal pain, constipation, vomiting and 
fever of si\ days’ duiation Temperature 992° F There was generalized abdominal 
tenderness and spasticite On rectal examination a firm, tender mass w’as felt on the 
left side Leukocytes 8, 600, 69 per cent polymorphonuclears The temperature rose to 
103 6° F 16 hours aftei admission The leukocytes w'ere 20,800, 90 per cent polv- 
niorphonuclears, on the second day of hospitalization The patient’s condition steadilj 
grew worse, the temperature ranging between 103° and 105° F His condition was felt 
to be too pool for surgical intervention The patient died on the fifth dav of hos- 
pitalization 

Aiiiopsv — The peritoneal eaeitv contained about 500 cc of thick, grav, purulent 
fluid much of which was accumulated m main locules between loops of intestine There 
weie large collections of purulent fluid beneath the liver, in the light low'er quadrant 
and m the pehis The loops of small intestine w'cre distended, discolored and adherent 
to each other The omentum was adherent to the sigmoid The colon was moderateh 
dilated The sigmoid and the distal third of the trans^erse colon presented about ten 
dnerticula, some of wdiich were filled wnth inspissated fecal material There w^as one 
large dnerticulum about i cm m diametei, an the posteiior w'all of the sigmoid, 5 cm 
proximal to the rectosigmoid This opened into a cavity 3 cm in diameter, the w'alls 
of W'hich were formed by the sigmoid and retroperitoneal tissues From here, a tract 
ran posteriori} and mesially into the peritoneal cavitv The serosa of the sigmoid and 
the proximal 10 cm of rectum w'ere thickened 

PERIDIVERTICULITIS 

Case 13 — Hosp No 256430 M C, male, age 48, w-as admitted to the hospital, 
January 25, 1927, wuth the history of constipation, and difficulty in starting the urinary 
stream of tw'o w'eeks’ duration Physical examination w'as negative except for a mass 
felt on lectal examination Sigmoidoscopy and barium enema revealed an obstruction in 
tlie sigmoid 

Opciation — The sigmoid w'as found to be bound dowm m the pelvis by dense ad- 
hesions About tw^o inches of the sigmoid w'ere involved in a dense, hard mass, feeling 
like carcinoma This region of the sigmoid w'as excised, and a side-to-side anastomosis 
W'as performed Examination of the specimen showed a thickened wall of the sigmoid, 
w’lth the mouths of seveial diverticula seen in the mucosa There w'as no evidence of 
malignancy The patient’s convalescence w'as complicated b} multiple neuritis The 
patient w’as discharged W'ell six w'eeks after operation 

Case 14 — Hosp No 285674 I K, male, age 73, was admitted to the hospital, 
Noa ember 25, 1927, w'lth the history of obstipation and abdominal distention for tw'o 
W'eeks, and generalized abdominal pain for five da}s Temperature loi 4° F There was 
marked abdominal distention, and some generalized abdominal tenderness and spasticity 
The patient refused operation, and died the next day from circulator} failure 

Aitfopsv — There w'as a marked distention of the colon The sigmoid was collapsed 
and adherent to the posterior parietal peritoneum A firm tumor mass w'as felt in this 
region of the sigmoid The visceral peritoneum was reddened, and the peritoneal ca\ity 
contained about 300 cc of brow'iiish, cloudy fluid There w'ere many small diverticula 
filled W'lth fecal material 111 the descending colon The sigmoid was markedly stenosed 
There w'ere many diverticula in the sigmoid w’hich penetrated the muscular la}er and 
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extended into the underlying fat tissue The muscular layer of the sigmoid was very 
hypertrophied There were several small ulcerations in the dilated cecum 

Case IS — Hosp No 315^72 J L, male, age 54, was admitted to the hospital, 
June 21, 1930, with the history of a painful swelling in the left lower quadrant of the 
abdomen and diarrhea of six months’ duration Temperature 994° F There was an 
elastic, tender, egg-sized mass in the left lower quadrant of the abdomen The stool was 
guaiac positive and purulent Leukocytes 8,800, 84 per cent polymorphonuclears Sig- 
moidoscopy showed an obstructing mass at the rectosigmoid, covered by inflamed mucosa 
and a purulent membrane A biopsy from the region was reported chronic and acute 
inflammation A barium enema showed a marked spasticity of the sigmoid There were 
many diverticula of the colon extending from the cecum to the sigmoid One of the diverti- 
cula, at the junction of the descending colon and sigmoid, extended about one-half inch 
extralumenally 

Operation was advised, but the patient refused and left the hospital He died five 
years later The cause of death was not known 

Case 16 — Hosp No 321003 J C, male, age 65, was admitted to the hospital, 
December 6, 1930, with the history of frequency of urination and dysuria of one month’s 
duration Rectal examination revealed an enlargement of the prostate Pus and red 
cells were found in the urine Temperature 986° F Leukocytes 8,600, 70 per cent 
polymorphonuclears Cystoscopic examination disclosed an enlargement of the middle 
lobe of the prostate, and a suprapubic cystotomy was performed, m the course of which 
an extravesical mass was felt through the posterior wall of the bladder Because of this 
finding, attention was diiected to the colon Sigmoidoscopy demonstrated an intus- 
susception of the sigmoid into the rectum which made the examination unsatisfactorj 
A barium enema showed a marked delay to the passage of the barium at the distal 
portion of the sigmoid about eight inches from the anus The barium progressed along 
a constricted postion for distance of about one inch With more pressure the obstruction 
was partially overcome 

Opel ation — Spinal anesthesia A large mass in the region of the rectosigmoid was 
found The mass was densely adherent to the bladder and between the two there was 
a small pensigmoidal abscess The lesion was considered to be a carcinoma The mass 
was excised, and an end-to-end anastomosis of the divided ends of the sigmoid was per- 
formed The pathologic report was diverticulitis and perisigmoiditis The patient died 
one week after operation There was no autopsy, but there were clinical evidences of 
peritonitis 


SIGMOIDOVESICAL FISTULA 

Case 17 — Hosp No 334704 A R, male, age 39, was admitted to the hospital 
July 27, 1929, with a left inguinal hernia of seven months’ duration, and diarrhea and 
hematuria of three months’ duration His Wassermann was four plus, and he was given 
antiluetic therapy He was readmitted four months later, with the history of urinary 
frequency and dysuria, vomiting and chills of four months’ duration No cause was 
found for these symptoms Four months later, the left inguinal hernia was repaired 
He was readmitted two years later, with the history of bloody diarrhea, abdominal pain, 
weakness and loss of 20 pounds m weight of three months’ duration There was a firm, 
tender mass in the left lower quadrant of the abdomen On sigmoidoscopy, the rectal 
mucosa was found to have a granular appearance A biopsy of this tissue was reported 
granulation tissue with chronic inflammation A barium enema showed a partial ob- 
struction m the region of the midsigmoid Some barium was able to pass this region 
into the descending colon which appeared dilated There was considerable spasticitj 
and many diverticula of the sigmoid While under observation, the patient had recurrent 
attacks of abdominal pain, and in one of these the leukocytes were 25,000, 88 per cent 
pol> morphonuclears Under conservative therapy the patient’s symptoms subsided 
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The last admission was January 27, 1932, two months after the previous one Dur- 
ing this period he continued to have diarrhea and dysuna There was a hard, slightly 
tender mass m the left lower quadrant of the abdomen On sigmoidoscopy, the granular 
appearance of the rectal mucous membrane was again noted The stool contained a mix- 
ture of mucus and blood Leukocytes 8,800, 54 per cent polymorphonuclears While 
under observation, the patient was noted to pass gas from the urethra during urination 
On cystoscopy, an edematous, polypoid mass covered by exudate was found on the posterior 
wall of the bladdei A fistula in this region could not be demonstrated 

Opciatwii — Spinal anesthesia The lower sigmoid and rectosigmoid were found 
to be the site of an* inflammatory mass which bound them to the posterior wall of the 
bladder A sigmoidovesical fistula was demonstrated, and the openings m the sigmoid 
and bladder were closed The sigmoid was markedly thickened and edematous The 
diseased sigmoid, about 15 cm 111 length, was excised, and an end-to-end anastomosis 
of the cut ends of the sigmoid was performed, followed by a tube cecostomy Examina- 
tion of the specimen showed the \vall of the sigmoid to be ivliite, firm and cartilaginous 
111 consistency, with some polyposis of the mucous membrane Three diverticula were 
found The pathologic report w'as chronic diverticulitis with fibrosis and pensigmoidal 
acute and chronic inflammation The patient died five days after operation with clinical 
evidences of peritonitis 

Autopsy — The site of the end-to-end anastomosis of the sigmoid, except for a few' 
sutures, w'as "open posteriorly The distal margin of the anastomosis and the lower 
6 cm of the rectum w'ere blackish-red 111 color and showed a number of shallow, irregular 
ulcerations The intervening mucosa, although dark 111 color, was not necrotic The 
bladder w'all w'as thickened Sutures w'eie present in the posterior w'all of the bladder 
On the posterior aspect of the fundus a mouth of a sinus tract w'as found w'hich led 
to the sutured area postenorly The small and large intestines were distended and 
adherent to each other by fibrinous exudate There was a moderate amount of sero- 
purulent fluid in the peritoneal cavity 

Case 18 — Hosp No 346502 M S, male, age 59, was admitted to the hospital, 
December 7, 1932, with a history of frequenev of urination and dysuna of six years’ dura- 
tion For three w'eeks prior to admission, these symptoms had become more marked, 
the patient passing thick, bloody urine every' hour The patient’s bowel movements 
were fluid in character, and for three weeks preceded each \oidmg Temperature 101° F 
On rectal examination, there was a large area of induration extending upw'ard from the 
left lobe of the prostate The patient was passing grossly purulent and bloody urine 
Blood urea 34 mg per 100 cc A roentgenogram of the urinary tract showed a large 
number of irregular concretions in the region of the symphysis pubis, which w'ere inter- 
preted as prostatic calculi 

In view of the grossly purulent urine, it was felt that any' attempt to cathetenze 
the patient would be follow'ed by an epididymitis Accordingly, a section of the vas 
deferens on both sides was performed On the day following this procedure, the patient 
stated urine came through the rectum On further questioning, he stated that he had 
passed urine from the rectum for a month prior to admission A catheter was passed 
and methylene blue was inj ected into the bladder The dye W'as seen in the rectum through 
a proctoscope The exact site of vesicorectal communication could not be seen 

A suprapubic cystotomy was performed, 12 days after admission The bladder con- 
tained thick, brown fluid and pieces of necrotic tissue The prostate w'as enlarged and 
contained small calculi The bladder w'as drained Just prior to operation, the patient 
appeared quite ill The abdomen w'as distended and the pulse 150 The clinical picture 
suggested a peritonitis Following the suprapubic cystotomy his general condition im- 
proved, although the abdominal distention persisted On sigmoidoscopy, an obstruction 
was met about 15 cm from the anus In view' of the persistent abdominal distention, a 
transverse colostomy w'as performed under local anesthesia The ascending, trans- 
verse and descending colon w'ere greatly dilated Follow'ing the colostomy, the tempera- 
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ture continued from ioi° to 104° F, the pulse langed from 130 to 150, but the abdominal 
distention was relieved He drained about 1,500 cc of thick, dark urine from the supra- 
pubic tube daily Three days after the colostomy, the patient presented the picture of 
beginning uremia, with twitching of the extremities The blood urea, which had come 
down to IS mg per 100 cc after the suprapubic cystotomj, rose to 40 mg The patient died 
four days after the colostomy 

Autopsy — Upon opening the sigmoid, an obstruction was found about ten inches 
proximal to the rectosigmoid junction Here the wall of the sigmoid was markedly 
thickened The sigmoid was firmly attached at this point to the underlying structures 
At the rectosigmoid, the wall of the bowel was again thickened and the lumen stenosed 
There was multilocular abscess which extended along either side of, and posterior to, 
the sigmoid, and continued down around the rectum, so that the rectum lay as an isolated 
tube m the midst of an abscess The abscess involved the perisigmoidal and perirectal 
tissues, and communicated with the fundus of the bladder by an opening about 2 cm 
in diameter, and with the prostate by a sinus through the periprostatic tissues The walls 

of the abscess were necrotic At the point of marked obstiuction of the sigmoid there 

were many diverticula, a few of which had perforated into the large perisigmoidal abscess 
The other findings were a gangrenous cystitis, ascending pvelonephritis, chronic peri- 
toneal adhesions, and tension ulcers of the ileum and cecum 

CARCINOMA ASSOCIATED WITH DIVERTICULITIS 

Case ig — Hosp No 379596 A H, female, age 65, was admitted to the hospital, 

May 8, 1935, with the history of left lower quadrant abdominal pain of 20 years’ dura- 

tion, and diarrhea of seven yeai s’ duration The pain had been severe for eight days prior 
to admission The patient had been in the hospital three jears before, at which time a 
diverticulosis of the colon had been demonstrated Temperature loi 8 ° F The abdomen 
was distended and there was a firm, tender mass m the left lower quadrant On rectal 
examination, a hard, tender mass could be felt extending up the left pelvic wall Leuko- 
cytes 23,200, 92 per cent polymorphonuclears The patient was treated conservatively 
for two weeks, during which time the pelvic mass, felt on rectal examination, grew 
larger 

Opciatwu — Gas-ox> gen-ether anesthesia A large abscess m the left lower quadrant 
of the abdomen was found and drained The patient died two da>s after operation 

Autopsy — The peritoneum in the lateral gutters, from the pelvis to the diaphragm, 
was covered by a fibrinous exudate, and filled with turbid fluid Pockets, produced by 
adhesions of loops of small intestine, were filled with the same character of fluid The 
mucosa of the rectosigmoid, and of the sigmoid, for a distance of 6 cm proximal to this, 
was the seat of a completely annular, cauliflower-hke, ulcerating tumor The wall of 
the sigmoid in this area was diffusely indurated One-half centimeter proximal to the 
tumor, on the lateral wall of the sigmoid there was a perforated diverticulum with a sur- 
rounding perisigmoidal abscess The serosal aspect of the sigmoid and the portion of the 
genital tract forming the perisigmoidal abscess were markedly discolored and covered 
w'lth exudate There were tw'o large duodenal diverticula There w^ere many diverticula 
throughout the colon containing inspissated fecal material The pathologic report of 
the tumor w^as adenocarcinoma wuth hmph node metastases 

SUM MARX 

In the ten-yeai peiiocl, 1927-1937, 35 cases of diverticulitis of the colon 
were admitted to the Surgical Services of the Mount Sinai Hospital Sui- 
gical complications w^ere present m 19 of these cases, and 16 cases w^eie un- 
complicated The complications consisted of peiitonitis without perfoialion 
in two cases, perfoiation with abscess 111 five cases, peifoiation wnth peii- 
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lonitib III fnc eases, pciidivei tieulitis (stenosis) in foui cases, signioido- 
vesical fistula in two cases, and associated carcinoma in one case 

Theie uas a inaiked difiFeienec in the age gioups of the two types of cases 
as shown in Table II 

Tvble II 

o-ro 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 Aveiage 
T\pe Years Years Years Years Years Years Years Years Years Years 
Uncomplicated 

cases 000002761 69 

Complicated 

cases 101535220 51 

A case of diverticulitis of the colon in an i8-houi-old infant was reported, 
t\hich IS the }Oungest case on lecord 

The symptoms in the uncomplicated cases were, in the oidei of fiequency, 
lowei abdominal pain constipation, diairhea, blood in stools, and vomiting 
The symptomatology in the complicated cases \\as detei mined by the type of 
complication piesent Positive findings weie not always found on physical 
examination in the uncomplicated cases, but the diagnosis of diverticulitis 
was confirmed i oentgenologicall) In the complicated cases, the findings on 
physical examination 3veie those of the complication present in the individual 
case The sigmoid Avas the most frequent site of disease, but in two cases 
there was a peifoiation of a dneiticulum of the splenic flexure of the colon 
The uncomplicated cases weie not opeiated upon, and subsided under 
conseivative theiapy The opeiative moitahty in the cases with suigical 
complications was high — 62 per cent The salient facts in the fatal cases 
give some of the leasons foi this high mortality 

Theie Avas one death in the Hvo cases wuth peritonitis without perfora- 
tion This patient liad a diffuse peritonitis of eight daj^s’ duration Theie 
were thiee deaths in five cases wuth perfoiation and abscess In the fiist 
case, a Mikulicz exteiioiization in addition to the drainage of the abscess 
wms perfoimed A gangienous inflammation of the abdominal wound and 
the tissues surrounding the opeiative site contributed to the fatal issue The 
remaining two patients weie in pool condition, with laige, multilocular ab- 
scesses, in whom the diainage of the abscesses did not influence the couise 
of the disease 

Theie w^ere four deaths in the five cases wnth perforation and peiitomtis 
These patients had advanced, diffuse peiitonitis Two of these patients 
w^eie so toxic that operation was not performed The thud death w^as that 
of the i8-hom-old infant The fourth patient w^as operated upon wuthin a 
few^ hours of admission without adequate preoperative therapy There w^ere 
twm deaths m the foui cases wuth peridiverticulitis One patient had an 
advanced intestinal obstiuction He lefused operation, and died the day 
following admission The othei patient had a piimary lesection of the sig- 
moid with an end-to-end anastomosis Theie w^as no autopsy, but theie were 
clinical evidences of peritonitis The tw^o patients wuth sigmoidovesical 

367 



ERNEST E ARNHEIM 


Annals of Surgen 
September 1940 


fistulae died One patient had a primary resection of the sigmoid with an 
end-to-end anastomosis Death was due to leakage of the suture line and 
peritonitis The other patient had advanced perisigmoidal suppuration The 
patient with associated carcinoma died of a peritonitis secondary to the per- 
foration of the diverticula of the sigmoid 

The cases m this paper were from the surgical services of Drs Edwin Beer, Albert 
A Berg, Ralph Colp, Charles A Elsberg, Richard Levvisohn, Alexis V Moschcowitz 
and Harold Neuhof The author wishes to express his appreciation to these heads of 
services for the use of these cases 
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THE PRODUCTION OF HYPER- AND HYPOMOTILITY OF THE 
MUSCULATURE OF THE SMALL BOWEL IN THE HUMAN 
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(A) NORMAL PERISTALTIC ACTIVITY 

(B) EFFECT OF MORPHINE 

(C) EFFECT OP ATROPINE 

Armand C Forster, M D 
St Louis, Mo 

FROM THE DEPARTMENT OF SURGERl, ST LOUIS UNHERSITY SCHOOL OF MEDICINE, ST LOUIS, MO 

Advantage was taken of a case of intestinal prolapse or bowel exteriori- 
zation (involving the lower one-third of the ileum) in an otherwise healthy 
male to record daily circular and longitudinal muscle activity of the exposed 
bowel The loop of exteriorized ileum was 12 inches in length with an 
artificial anus at its summit so that the lower limb of tbe loop was constantly 
empty The method of recoiding, desciibed by Alvarez,^ was adapted m 
the following manner Two Wiggers n^ocardiogi aphs were fastened to four 
permanent nonabsorbable sutuies loosely encircling a mass of cncular 01 
longitudinal muscle, as is shown in Fig i The longitudinal fibers selected 
weie on the antimesenteiic bordei of the limb of the loop tiaversed by in- 
testinal contents The sutuies that encircled these were approximately two 
and one-half inches apart The bundle of circulai fibers selected ciossed 
these at about their middle and the sutuies around these were about one and 
one-half inches apait Rubbei tubes were used to transmit variations in 
piessure from the receiving myograph to a lecordmg tambour of the fall 
away lever type A watch timei was used to record time in six-second in- 
tervals, and also to serve as a base line The apparatus was so arranged 
that it could be set up in working order at the bedside of the patient without 
changing his position and might be used with the patient m either a lying 
or semisitting position 

Continuous kymographic tiacings were thus taken daily fiom the same 
segment of exposed lower ileum before, during, and after the administration 
of pharmacopoeal and clinical doses of a drug The “normal” peristaltic 
activity duimg the premjection period served as a satisfactory basis for 
compaiison of pharmacodynamic effects on intestinal muscle 

The effects recorded were also visually observed with 1 egard to expulsion 
of intestinal contents from the visible anus and could be correlated with 
propulsive and nonpropulsive intestinal movement 

The following general precautions were obseived in all experiments 
The patient was piepared in no way for the experiment with the exception 
that any medication he might have been taking was discontinued the night 

Submitted for publication July 10, 1939 
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before All experiments were conducted two hours follo^^lng meals To 
obviate reactions to the mechanical stimulus, tiacings were not taken until 
at least 20 minutes after attachment of the myographs to the sutuies in the 
bowel The experiment was usually discontinued when the patient began to 



Fig I - — Illustrates scheraaticallj , the set up emploj ed to register the motor 
actnit} of the musculature of the small intestine 


complain of pain 01 fatigue During the experiment, the exposed bowel nas 
kept covered with saline pledgets and a rubber dam to pre%ent evaporation 
A 75-watt diop light maintained external heat 

Results — ‘"Nounal" Poistaltic Activity It was noted in a study of the 
fiist 20 to 30 minutes of each experiment that there weie periods of activity 
and peiiods of inactivity, and that during the periods of activity ceitam con- 
ti actions w'ere effective m producing a forceful expulsion of intestinal con- 
tents For the period of activity to be most eft'ective in pioducing propulsion 

371 



ARMAND C FORSTER 


Annals of SiirRcry 
September 1940 


we noted that both muscle coats worked simultaneously but the onset of 
longitudinal muscle contraction preceded that of circular muscle contraction 
by fiom one to one and one-half minutes and continued aftei conti actions 
111 the circular muscle had ceased That is to say that the duration of longi- 
tudinal muscle contraction was always greater than the period of circulai 
muscle contraction We, therefore, refer to this series of synchronous con- 
tractions as the “peiistaltic” wave Two such peristaltic waves are shown 
in Graph i This wave occuried noimally one to six times during a 30- 
minute preinjection period and had an average duration of fiom one to six 
minutes 

All othei intestinal activity not effective in causing propulsion we classi- 
fied as the “mixing” wave These are single contractions followed by equal 
phases of relaxation with an average duration of six to 12 seconds each In 
our records this wave appeared noimally nine to 150 times duiing a 30- 
minute peiiod 



Graph i — Showing “normal” intestinal activity 

Key — A Base line and time in six second intervals 
B Longitudinal muscle contraction 
C Circular muscle contraction 

In the records, changes m either circular or longitudinal muscle tone aie 
shown by increase oi deciease of either wilting line from the base line 
(Graph I ) An increase in this distance (A-B, or A-C) represents an in- 
crease in muscle tone 

Experiments were made with morphine sulphate, atropine sulphate, pilo- 
carpine hydrochloride, pituitrm, pitressm, prostigmin, Hartmann’s solution, 
and 5 per cent glucose 

Effect of Moiptiine Sulphate — ^There are four experiments undertaken 
to show the effects of the intramuscular injection of morphine sulphate The 
morphine was given into the deltoid muscle two hours following a regular 
hospital meal The dose was gr followed in 20 to 30 minutes by gr 
In two of the four experiments a thud injection of gr of morphine was 
given (Table i) 

Intestinal activity before and after morphine administration was recorded 
in Experiment III as shown in Graph 2 In all experiments a complete 
suppression of propulsive activity followed morphine gr 34 The fiequenc} 
of the “mixing” wave was increased in all experiments The first effects 
appeared two to four minutes following administration Circular muscle tone 
vas slightly increased in Expeiiments I and IV but remained unchanged in 
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Expel iments II and III Longitudinal muscle tone remained unchanged in 
the first two experiments but was increased m Expei iments III and IV by 
morphine gr 

In all experiments a second dose of gr )/$ deci eased the fiequency of 
the “mixing” wave and inci eased the muscle tone of both coats 

When a total of three gr doses of moiphme had been given the 
fiequency of the “mixing” wave was inci eased in Experiment II fiom 150 
to 195, and decreased in Experiment III fiom 160 to 120 
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Graph 2 — Showing the effect of the injection of a \arjing dosage of morphine sulphate (Gr 54-J4-?4) 
in comparison with the “base line’ graph showing the “normal’’ intestinal actnitj 
Aci — C M Circular muscle contraction 

L M Longitudinal muscle contraction 

A Baseline and time in sia second intervals 


Effect of Afiopjne Sulphate — Giain 1/150 atropine sulphate was given 
subcutaneously in foui experiments and tracings weie taken in the manner 
described, approximately two hours following the midday meal 

In all foul experiments propulsive and nonpi opulsive activity was de- 
creased following gi 1/150 ati opine sulphate Intestinal activity befoie and 
after atropine administration was recoided in Experiment IV as is shown in 
Giaph 3 

In Experiment IV, two peristaltic waves were recorded during the pre- 
injection period The atropine Avas then gn’en, and, from there on, a com- 
plete suppression of all propulsiA’e actnut}’ ensued (Graph 3 ) In Experiment 
I, the fiequenc}’ of the peristaltic AA’aA’e A\’as decreased from six to three, 
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m Expel iment 11 , from five to two, and in Experiment III, from three to 
zero by gr 1/150 atropine sulphate 

In all experiments there were no peiistaltic waves recorded following 
the second injection of gi 1/150 ati opine 

In all expel iments, circulai muscle tone remained unchanged following 
either the first or second injection of atropine Loss of longitudinal muscle 
tone was demonstrated in two experiments to follow the second injection of 
ati opine 



Graph 3 — Showing the effect of the injection of a varjing dosage of atropine sulphate (Gr 1/150-1/75) 
in comparison with the “baseline” graph showing the “normal” intestinal actnity 
Key — C M Circular muscle contraction 

L Longitudinal muscle contraction 

A Baseline and time in si\ second intenals 

Discussion — Whether our obseivations truly recoid the action of circulai 
or longitudinal muscle alone, ma)' be questioned One is well aware that 
the circular muscle is not stiictl}' ciiculai noi is the longitudinal strictly 
longitudinal, but rather that their fibeis intei mingle and deviate moie or less 
fiom the coronal or sagittal planes of the intestine m which they haj^pen to 
he Such variations, however, may be ignored and the record of their action, 
as shoun here, may be taken to lepiesent that of the ciicular and longitudinal 
muscle in the v all of the human, exterioi ized small bow el loop 

As regaids the relations betw^een the twm muscle coats during a peris- 
taltic mo^enlent, Van Braam Houckgeest,- in 1872, obseived that the ad^anc- 
ing ring of constiiction in a peristaltic movement w^as immediately preceded 
by a shoitening of the longitudinal muscle fibers Bayliss and Starling,'’ in 
1901, observed that both muscle coats were aftected m the contraction abo\e 
and lelaxation below^ Knshnan,^ in stud} mg the peristaltic action of cats. 
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in 1932, concluded that In a peristaltic movement, a wave of longitudinal 
muscle contraction with relaxation of the circular muscle preceded a wave 
of circular muscle contraction with relaxation of the corresponding longitudi- 
nal muscle by a full wavelength Our findings in man were the same as 
those observed by Knshnan in the cat except that we found the interval of 
time between the onset of contraction of both muscle coats to vary between 
one-half to one and one-half minutes Contractions of the longitudinal 
muscle weie also found to continue after activity in the ciicular muscle 
had ceased 

According to the law formulated by Bayliss and Starling'* in the first 
of a series of three articles of the movement and innervation of the bowel 
based mainly on balloon records, “excitation of any part of the gut excites 
contraction above and inhibition below ” Langly and Magnus,** in 1905, 
and Cannon,'^ in 1912, point out that this myenteric leflex was not always 
present and often was hard to demonstrate Alvarez and Mahoney,® in 1924, 
repoit that, in a large number of observations, there was a preliminary rise 
in tone, which was just the opposite of what the law required Alvarez and 
Zimmerman,® in 1927, with the help of the motion picture camera, found 
that if this widening of the bowel did occur it was due to a distention and 
not to an inhibition Knshnan, m 1933, states “That, because of the con- 
traction of the longitudinal muscle preceding the peristaltic wave, the gut 
distal to the wave was shortened and dilated” We weie unable to demon- 
stiate, as suggested by Knshnan, the dilatation of bowel before the onset of 
the peristaltic wave because of the preceding longitudinal muscle contraction, 
nor were we able to show, in any of our records, an inhibition or dilatation of 
either muscle coat preceding the peristaltic wave 

Our results following the administration of morphine do not entirely 
coincide with those of previous investigators Pancoast and Hopkins,^® in 
1915, concluded, from 1 oentgenologic evidence, that no small intestinal effect 
followed morphine In 1926, Plant and Miller^^ found that the number of 
contractions of small bowel seen through a thin-walled hernial sac in man 
were increased by moi phme Dvorack, ef al and Orr and Carlson,^® both 
using the balloon technic of recording, report increased peristaltic activity 
following small doses of moiphine (10 mg) On and Carlson fuither 
report that laige doses of morphine stopped peristaltic activity without alter- 
ing the frequency of the “mixing” wave Abbott and Pendergrass,^"* using 
the intubation tube described hy Abbott and Miller, noted that morphine 
pioduced. 111 the upper small bowel, a brief period of stimulation followed 
by depression, but that frequently the distal coils of ileum did not exhibit 
any reaction, or merely the phase of depression 

CONCLUSIONS 

Activity of the exteriorized lower small bowel m man is either propul- 
sive or nonpropulsive in nature 

The “peristaltic” wave m the lower three feet of the small bowel, effec- 
tive in producing a propulsion of intestinal contents, occurs one to six times 
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during 30 minutes, with an average duiation of from one to six minutes 
each This wave consists of a simultaneous conti action of both muscle coats 
with the onset of longitudinal muscle contiaction preceding that of the cir- 
cular muscle from one to one and one-half minutes and continuing after 
conti actions of the circular muscle have ceased 

The “mixing” wave is ineffective m causing a piopulsion of intestinal 
contents and consists of single contractions followed by equal phases of le- 
laxation These waves occur nine to 150 times during 30 minutes with an 
aveiage duiation of from six to 12 seconds each 

Morphine sulphate m gr doses completely suppi esses the “peristaltic” 
wave, but inci eases the fiequency of the “mixing” wave A second injection 
of gr morphine, 20 to 30 minutes latei, decreases the frequency of the 
“mixing” wave and increases the tone of both muscle coats 

Giam 1/150 atropine sulphate decreases the frequency of both peristaltic 
and “mixing” waves A second injection of atropine, given 20 to 30 minutes 
later, pioduces a complete suppression of the “peiistaltic” wave, an almost 
complete absence of the “mixing” wave, and an occasional loss m tone of 
the longitudinal muscle coat 
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Cowley,^ in 178S, fiist suggested that the pancreas Yas disoideied in 
diabetes In i86g, Langerhans^^ discoveied the islet cells in the pancieas, but 
it was not until 1900 that Ssobolew-^ and Schulze-^ independently discoveied 
then physiologic significance Banting^ and his cowoikers, in 1922, discovered 
insulin and shoitly aftei that Seale Harris^^ coined the woid “h3'^perinsulin- 
ism” and used it to appl)’’ to patients in whom theie was an abnoiinally low 
blood sugai associated with ceitain symptoms of a more 01 less definite type, 
such as one sees fiom administeiing too much insulin to diabetics 

The fiist case of hypennsulmism due to an islet cell tumoi was leported in 
1927 by Wildei and J Mayo This patient vas a physician Avho had a 
malignant tumoi of the islet cells He was operated upon and eventually died 
Biologic assays of the tumoi tissue removed definitely proved its insulin ac- 
tivity and coi related peifectly with the clinical phenomena Roscoe Graham^® 
of Toionto, in 1929, repoited the fiist case of hypennsulmism cnied by surgi- 
cal lemoval of an islet cell tumoi Since this oiiginal case lepoit, theie has 
been an inci easing number of patients operated upon foi suspected tumors 
of the islet cells Allen O Whipple^'* in all piobability has opeiated upon 
moie cases than any other suigeon Up until a few months ago, he had opei- 
ated upon 14 cases AVith two deaths In eveiy case but one he found one 01 
more adenomata to be present 

The case which is being lepoited heiewnth is of unusual interest because 
the patient is one of the oldest reported liaAung this disordei, and because 
an adenoma of the tigroid complicated the pictuie 

Case Report — Hosp No 35 — 1436 M V , w'hite female, age 56, was admitted 
to the St Francis Hospital, November 16, 1935, and lefened to the Neurologic Service 
of Dr J G Lloyd on account of episodes of unconsciousness ot two and one-half years’ 
duration The first attack came on while she was in the theater and resembled a fainting 
seizure Subsequent to this she suffered from attacks at irregular intervals, usuall> 
e\er-s se\en to ten days at the onset, but becoming progressively more frequent and more 
sevei e so that at the time of admission thej occui red two to three times a Aveek, and 
lasted as long as 17 hours The attacks were most likelj to come on in the morning 
before breakfast To avert these attacks the patient’s daughter had learned to set the 
alarm at 3 a m and feed her mother 

The mild attacks appeared as simple fainting spells from which the patient re- 
coiered rapidlj, wdiereas the severer spells found the patient m deep unconsciousness 

Submitted for publication May 26, 1939 
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from which she could not be aroused bj shaking At times there was jerking of her 
extremities during the attack, but for the most part she was limp and relaxed and had 
involuntary urination and defecation with profuse perspiration Before becoming un- 
conscious the patient would seem to lose the power of speech and develop a stare, 
although she w’as perfectly aw'are of events preceding her unconsciousness After an 
attack the patient usually felt w'eak and thirstj 

Betw'een attacks the patient appeared peifectly noimal at times, but the family c’d 
notice a tendencj to a personality change, that is, wdiereas before the patient began 
suffering from the attacks she was of a cheerful coopeiative disposition, as the disordei 
progressed she show'ed a tendencj to become uncooperative and cantankerous 

The patient knew she had had a goiter for 20 3'^ears About five rears prior to ad- 
mission to the hospital she thought she weighed between 120 and 130 pounds, and she 
had been losing w'eight since then In addition to loss of weight, she complained of 
heat intolerance, rapid heart action, nervousness and tremor of the hands The diet of 
the patient had been restricted during the last two jears, particularly as regards meat 
and carbohydrates 

The rest of the history was irrelevant sa\e for a record several years previousl} 
of an attack of severe abdominal pain associated wuth jaundice The family physician 
said she had liver trouble at that time 

Physical Examination — The patient W'as markedly emaciated, weighing about 80 
pounds Color w'as fairly good The patient was edentulous The thyroid gland w'as en- 
larged, particularly in the region of the isthmus and left lobe, wdiere there w'as a definite 
adenoma, approximately 4 to 5 cm in diametei The patient had a scoliosis of the upper 
thoracic vertebrae to the right Heart rate w'as rapid Systolic murmurs w'ere present over 
all valve areas, transmitted to the axilla , A2 w'as greater than P2 Blood pressure 160/90 
No bruit was noted over the thyroid gland Skin w'as w’arm, not particularly moist 
A fine tremor of the fingers w'as present No abdominal masses w'ere palpable Pelvic 
examination show^ed evidence of atrophic changes in the cervix and vagina Uterus 
could not be definitely outlined Rectal examination w'as negative There w-as moderate 
quadriceps w'eakness, but no edema of the legs Ejegrounds essentially normal 

Laboiatoiy Data — Many laboratory procedures were carried out, the most sig- 
nificant of w'hich w'ere the low blood sugar and high basal metabolic rates The blood 
sugar taken November 18, 1935, w'as so low' that it could not be read A recheck of 
the blood sugar the followung day show'ed the reading to be 34 mg A basal metabolic 
rate taken November 19, 1935, w'as -f-54 and a recheck the follow'ing day w'as -I-65 
Uranalj'sis showed a normal specific giavitj' and a faint trace of albumin wuth a few' 
casts and pus cells Blood count show'ed hemoglobin of 70 per cent, R B C 3,400,000, 
W B C 7,300 and an essentially normal differential count Blood Wassermann and 
Kahn w'ere negative Blood chemistiy Calcium 109 mg , magnesium 29 mg , NPN 
28 8 mg , creatinine i 58 mg 

Roentgenologic examination of the skull was normal The chest show'ed ecidcnce 
of an inactive bilateral tuberculous process A lateral view' show'ed no evidence of a 
mediastinal tumor 

It was assumed that the patient had a toxic, adenomatous goiter and hjpoghcemia 
based on the clinical and laboratory data It w'as decided to operate upon the thjroid 
gland first, and she was prepared accordingly, using a high caloric diet with plenty of 
carbohjdrate and Lugol’s solution preoperatueh On this regimen the patient seemed 
to improve and the spells of unconsciousness became less frequent Nine da\s after ad- 
mission to the hospital, she experienced an attack of unconsciousness, and a blood sugar 
taken at that time was 32 mg The patient promptlj responded to 10 per cent glucose 
given lntra^ enously Blood sugars taken on December 2 and December 9, 1935, were 
reported as ml and 57 mg respectnch Basal metabolic rates taken on December 2 
5 and 9 1935, W'ere leported as being 4-35 -faq, and -f 12 per cent (Qiart i) 

The patient’s goiter w'as operated upon December 12, 1935, and a left lobectomj 
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performed, excising an adenoma about 4 x 5 cm m diameter The pathologic report. 
Path No 5-2969-35, was cystic adenoma of the thyroid and hyperplasia of thyroid 
(exophthalmic type) 

Subsequent Couise — During the couise of the operation and for 24 hours postopera- 
tively, 10 per cent glucose m normal saline was administered continuously intravenously 
Following this, intravenous glucose was given intermittently postoperatively for an ad- 
ditional 24 hours The patient made quite a satisfactory convalescence save for one 
spell of coma about one week postoperatively At this time her blood sugar was 35 mg 
By feeding her coffee and sugar, she quickly responded She was discharged from the 
hospital, December 21, 1935, with advice regarding an adequate intake of food, particu 
larly carbohydrates 



She was observed over a period of about a year and showed a marked improve- 
ment m her general health with a gain of 30 pounds m weight, and a marked diminution 
in the number and severity of attacks attributable to the low blood sugar In over a 
year she had had only t\vo episodes of complete unconsciousness, but had had several 
seizures which were averted by the timely administration of sugar / 

March 5, 1936 blood sugar 59 mg , basal metabolic rate 22 A sugar tolerance 
test and basal metabolic rate were determined sj nchronously, March 7, 1936, with the 
following results 


Sugar Tolerance Test 

57 mg Before ingestion of 80 Gm glucose 
218 mg 45 ram after ingestion of 80 Gm glucose 
280 mg 2 hrs after ingestion of 80 Gm glucose 

Basal Metabolic Rates +23 Before ingestion of glucose 

4-22 5 Taken i hr after ingestion of glucose 
May 16, 1936, she had the same procedure earned out with the following results 
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Sugar Tolerance Test 

Blood Sugar 36 mg Before mgestion of 80 Gm glucose 

146 mg 45 mm after mgestion of 80 Gm glucose 
148 mg 2 hrs after mgestion of 80 Gm glucose 
58 mg 3 hrs after mgestion of 80 Gm glucose 

Basal jMetabolic Rates +22 8 Before mgestion of 80 Gm glucose 

+27 4 hr after mgestion of 80 Gm glucose 

-{-22 5 I hr foUoM-mg the above 

+14 2 ’ 4 ^ hr folloinng the above (Chart 2) 
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Ch^rt 2 


August 20 1936 Blood sugar 35 mg In new of the incomplete relief of the 
symptoms the patient vas readmitted to the hospital Hosp No 55582, Januari 27, 
1937 for exploration of the pancreas Diagnosis Adenoma of islets of Langerhans 

January 28, 1937 Blood sugar 25 mg basal metabolic rate — i On Februarj i, 
1937 the pancreas vas explored guiiig full glass of orange juice and one ounce of 
sugar three hours preoperatu eh to the patient The operatue note follows 

Operation — Dr D P Greenlee Under eth^ lene-ether anesthesia a high left rectus 
incision was made The pancreas was explored bj opening through the gastrocolic 
omentum A tumor about lYz cm in diameter was found situated in the bod\ of the 
pancreas near its junction with the tail hing close to the inferior border This was 
remo\ed b} placing clamps on either side of the tumor and remoMng a wedge shaped 
piece of pancreas Bleeding was controlled b> using a running mattress suture The 
splenic ^eln was Msuahzed at the posterior upper border of the pancreas A cigarette 
dram was introduced down where tlie tumor had been remo%ed from the pancreas The 
rent in the gastrocolic omentum was sutured The gallbladder contained at least one 
gallstone and there was moderate associated hepatitis Exploration of the rest of the 
upper abdomen was negati\e and the remainder of the pancreas was explored and no 
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further tumors found At the start of operation a continuous venoclj'sis of lo per cent 
glucose m normal saline was started, and this was used througliout operation 

Pathologic Evammation — Gioss Path No S-221-37, Dr A J Bruecken The 
specimen consisted of a tumor and pancreatic tissue from the inferior portion of the 
pancreas, and measured 28 x 20 \ 18 cm over all The surface had a thin connective tis- 



Mll I lA t • I I , Ir tt 

g if'ii 


Fig 1 — Gross appearance of specimen 



Fig 2 — Cut section of tumor 

sue covering, shghtlj blood stained Beneath this, the tissue had a light, brownish-jellow, 
lobulated appearance Three-fourths of the circumference of the specimen had a ragged 
edge while the remainder had a smooth, regular margin On palpation, there i\as a 
central round area of quite firm consistency, surrounded by soft, meat3' pancreatic tissue, 
this central firm area ^\as not tisible on the surface, being completeh enclosed by pan- 
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creatic tissue On section, there was found to be a firm, yellowish-gray, somewhat fibrous 
and faintly granular appearing, definitely encapsulated, rounded tumor mass which 
measured 17x15x12 cm The cut-surface was smooth and greasy At one side of 
the tumor there was a small area showing several pinpoint-sized, red areas resembling 
hemorrhage w'lthm the tumor Surrounding the tumor was brownish-yellow pancreatic 
tissue showung the usual glandular appearance The gi eater portion of the tumor lay 
2 Mm beneath the surface of the 


pancreas , this 2 Mm was com- 
posed of pancreatic tissue with 
Its external, thin fibrous mem- 
brane The entire specimen 
w'eighed 3 5 Gms The tumor 
w'as intact and could be easily 
shelled out of its capsule (Figs 
I and 2) 

Mtci oscopic Section of the 
mass w'lth surrounding pancre- 
atic tissue show’ed the latter and 
a marked dilation of the large 
duct in it The mass showed 
a definite capsule of fibrous tissue 
only a part of its extent In the 
surrounded by a fibrous capsule 
within the acinar lobules of the 
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Fig 3 — Vtr) low power — showing surrounding pincrcatic tis 
sue on the left nnd scirrhous t\pe of growth on the right 

separating it fiom the surrounding pancreatic tissue for 
other pait, while the lobules of the growth w^ere each 
and distinct, nevertheless they w’ere located directly 
pancreatic tissue, and furthermore a few' isolated acini 
of the latter extended into the grow'th 
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foi a short distance The growth was 
composed of irregular masses of cells 
w'hich varied greatly in size and in the 
amount of surrounding connective tissue 
The largest mass bore some resemblance 
to a maikedly hyperplastic thyroid nodule 
and there w'as marked retraction of the 
stroma piocesses with a very abundant 
blood supply and no evidence of necrosis 
The rounded portions of the grow'th dis- 
tinctli' recalled islets of Langerhans, but 
some of the larger formations suggested 
a papillary, adenomatous structure, and 
in fact one could easily demonstrate a 
glandular tubule and rarely some inspis- 
sated secretion in such a tubule The 


Fig 4 — Low power — showing rcHuon of cells were sometimes arranged in a con- 

tumor to ncimr p-incrcitic tissue in upper left tinuous mass or column Without stroma 

Islanus of tumor cells in lower portion, with m 

crease of vascular stroma on the right partitions ■\\hich produced a pSeudo- 

glandulai appearance elsew'here The 
cells appeared fairly uniform but there w-ere some distinct variations \Vith the present 
H S. E stain they appeared compact, polygonic, medium-sized w’lth round or oval nuclei 
show'ing small nucleoli and in general not unlike greatly enlarged dense islet cells or 
simple columnar epithelium of the ducts The adjacent islets showed much smaller cells 
There w'as also a distinct tendency m places to form a regular basal row of cells like 
lining epithelium Under the capsule-like structure betw'een the adherent pancreatic tissue 
and the grow th there w'as a ver\ marked replacement of the tumor cells by fibrous tissue 
This recalled receding mammary lobules There was, therefore, a distinct intermingling 
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between the growth and surrounding pancreatic tissue but onlj at the margins No- 
where else could one find pancreatic tissue within the confines of the growth The large 
amount of collagenous stroma in the growth was noteworthy Further study revealed a 
considerable number of structures resembling ducts with quite tall epithelial cells There 
were a considerable number of cells with large, and sometimes irregular, nuclei and with 
prominent nucleoli which were basophilic, and rarely a definite mitotic figure was en- 
countered Inflammatory cell infiltration was entirely absent save for a very few lympho- 
cytes at one or two points in the stroma 



Fig s — High power — showing resemhhnce to 
islet tissue snd intimste lehtion to capillir} blood 
tessels lined more or less b> tumor cells Pro 
nounced pol) morphism and mitosis of cells 


Fig 6 — Tubular formations intimate reh 
tion to capillaries, more umformit> and inspissated 
secretion in tubule in uppermost portion 


Another section show'ed a still more scirrhous picture, with a heavy stroma equaling 
the glandular tumor tissue Rarely a giant cell with several large deeply staining nuclei 
w'as seen above or within a cell mass The cells of the growth appeared larger than any 
of the surrounding pancreatic tissue, namely, acinar, islet and duct cells They may have 
represented overgrow'th of the small connecting tubes of the organ 

E &. M stain brought out the variations in the characters of cells of the growth 
more conspicuously and this, together with the irregularity of the masses and the great 
amount of stroma, suggested unrestricted aberrant grow’th 

Sections stained by Goodpasture’s granular stain after Orth’s fixation showed what 
appeared to be poorlj staining mitochondria, and comparing the staining affinity with 
the surrounding pancreatic islets the tumor cells most nearly resembled beta cells taking 
more blue than red color but showing no definite granules which, how^ever, was not 
show'll in the surrounding islands (Figs 3, 5 and 6) 

Biologic assajs of the tumor tissue were made by Dr W S McEllro>, with the 
following results 


Total w eight of tumor tissue o 95 Gm 

Total volume of extract from o 95 Gm = 10 cc 

Vol extract injected = 5 cc =0 475 Gm tissue 

Rabbit Injected 
Time (Starved 36 hrs ) 

II 40 A M, Blood sugar o 083 mg 

II 45 A M Injected 5 cc of extract 

I 07 r >i Blood sugar Nil 

Rabbit in shock with convulsions 
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Method of Scott and Best 
used in extraction 
Control 

(Staiwed 36 hrs ) 
Blood sugar o 106 mg 

Blood sugar o 132 mg 
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Injected 5 cc 10% dextrose intramuscularly 
Rabbit able to partially sit up 

Blood sugar Nil Blood sugar 0115 mg 

5 cc glucose 10% intravenously 
Blood sugar Nil 

Rabbit injected showed fall m blood sugar with sliock and convulsions which were le- 
heved by glucose Rabbit after intravenous glucose show^ed rapid iinprovenient and by 
the next morning behavior w^as normal 

The reaction induced bj’ injection of material from 0 475 Gm of tissue believed to be 
a typical insulin effect 

The patient made an uneventful convalescence from operation save for moderate 
ileus for a few' days postoperatively The dram w’as removed on the sixth postoperative 
day There W'as some serous drainage from the w'ound for about ii to 12 days follownng 
removal of the cigarette dram, but at no time did it produce skin irritation, and chemical 
study failed to reveal pancreatic enzymes Blood sugar determinations w'cre made on 
the third and seventeen days post operatively and w'ere found to 179 mg and 94 mg 
respectiveb A blood sugar determination made about five w'eeks after operation W'as 
95 mg 

Since operation the patient has been completely relieved of her symptoms, and a sugai 
tolerance test, performed Maj 13, 1937, show-ed 

loi mg before ingestion of glucose 
202 mg 45 mm after ingestion of 1 00 Gm glucose 
210 mg 2hrs after ingestion of 100 Gm glucose 
148 mg 3 hrs after ingestion of glucose 
86 mg 4 hrs after ingestion of glucose (Chart 3) 
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February 6, 1938 Blood sugar 105 mg basal metabolic rate, March 26, 1938,—^ 
The last blood sugar, determined April 15, 1939, was 90 mg 

Relationship of Tliyi oid to Hypoglycemia — In the approach to the manage- 
ment of this case, it was thought that the episodes of unconsciousness weie 
undoubtedly of hypoglycemic oiigin In addition to this the patient appealed 
to be definitely hyperthyioid both from a clinical and a laboratory standpoint 
In hypoglycemia theie is a tendenc)' to an inciease in basal metabolic late 
This IS thought to be an effoi t to mobilize hvei gl)’-cogen and combat the tissue 
glycopenia Usually, in hypei thyroid states, then, the tendency has been to a 
hyperglycemic or diabetic state, in low basal metabolic rate states, such as 
myxedema, there has been a tendency to hypoglycemia 

The findings in this patient, then, weie confusing With advancing years 
theie IS a tendency to hypeiactivity in an adenomatous goitei — it being esti- 
mated by some observers"- that fully one-quaiter to one-third of them become 
hyperactive later in life There was nothing to prove or dispiove that the 
thyioid disturbance was secondar}'' to the hypoglycemia It was felt that 
opeiation upon the thyroid was first indicated (i) Because an}'^ tendency 
to a hypoglycemic leaction following the thyroid opeiation could leadily be 
controlled by administration of intravenous glucose, whereas if the pancreas 
were first opeiated upon, theie would be much greater difficulty in conti oiling 
a hyperthyioid reaction should such occui ( 2 ) It was thought theie was 
some possibility that the patient’s extieme emaciation, piesumably due to 
hyperthyroidism, might have so lowered tissue glycogen that a hypoglycemic 
state lesulted This has been seen^® on rare occasions in hypei thyroidism 
Theie was no method of determining whether the patient’s hypei thyroid- 
ism was independent of the hypoglycemia or whether it was puiely a second- 
aiy manifestation If it was a secondary manifestation of the hypoglycemic 
state, needless to say surgeiy upon the thyioid was not indicated Womach and 
Cole"® have repoited a case having signs of exophthalmic goiter with a 
tendency to hypoglycemia They first opeiated upon the pancreas and, al- 
though they found no discrete tumoi, they did a partial lesection of the 
panel eas \Mth relief of symptoms of hypei thyroidism They do not advise 
this pioceduie in all cases of exophthalmic goiter 

Aitkin® leported a patient having findings t}pical of exophthalmic goiter, 
this patient had a thyroidectomy performed Later, on account of persistency 
of seizures indicative of hypoglycemia, the pancreas was explored and an 
adenoma of the islets of Langerhans removed Since then the patient has 
de\ eloped signs of myxedema and has had to be fed thyroid extiact 

Hovever, there have been no cases of adenoma of the islets of Langerhans 
reported in v Inch hypei thyroidism was associated with an adenomatous goiter 
Diagnosis — No known procedure to definitely prove that a given case of 
Inpogljccmia is due to adenoma of islets of Langerhans has been devised 
Whipple®® has established this triad of findings in hypoglycemia as warranting 
surgical exploration of the pancreas (i) Definite repeated seizures of a 

3S6 



A olutne 112 
dumber 3 


HYPERINSULINISM 


vasomotoi oi a psychic disturbance coming on dm mg the fasting peiiod (2) 
A blood sugar reading below 50 mg per 100 cc (3) Immediate recovery of 
the seizuie with the intake of sugar 

Two tests have been used to help establish the diagnosis (i) Th^ insulin 
tolerance test, and (2) lesponse to adrenalin 

In pel forming the insulin toleiance test five units of insulin are given 
mtiavenously after 12 horns of fasting Aftei two hours theie is no tendency 
for the blood sugar to leach noimal if an adenoma of the islets is piesent 
Fiaser^ used this method to aid in the diagnosis of a case of adenoma of the 
islets he has recently repoited 

John^'^ reported the use of insulin 111 ti eating three cases of low blood sugai 
He admimsteied 20 units tid pc and gave a high fat diet This differen- 
tiates hypoglycemia of functional from hypoglycemia of anatomic origin If 
the patient improved with insulin, the low sugar is most likely due to a 
physiologic distuibance of the islets The lationale of the tieatment is that by 
giving exogenous insulin the islet cells aie put at rest and retuin ultimately 
to a noimal functional state 

Adrenalin is admimsteied to lule out any disturbance in glycogen reserve 
If the blood sugar does not rise aftei its administiation, it would tend to 
indicate that the hypoglycemic state might be due to lack of liver or tissue 
glycogen, rather than to a pi unary distuibance in the pancreas 

Anatomic and Suigical Considerations — ^Vaiious types of incisions have 
been advocated in exploiing the panel eas (i) The high left lectus which is 
piobably the most common one used, (2) the tiansverse incision recom- 
mended by Whipple,-" and (3) the T-incision used by Finney 

An adequate exposuie thiough a good-sized incision is essential The 
pancreas has been most commonly exposed thiough the gastrocolic omentum, 
but Judd^ explored the organ tin ough the gastrohepatic omentum Whipple-® 
lecommends the use of fine silk ligatures in the panel eas Tumois have been 
most fiequently found m the region of the body or tail This is piobably due 
to the fact that the islet cells aie most numerous heie The lelationship of 
several impoitant large vessels to the posteiior surface of the panel eas must 
be boine m mind in attacking the organ These vessels aie the aoita, vena 
cava, the splenic vein and arteiy, the inf ei 101 mesenteric vein, the superior 
mesenteiic artery and vein, and the poital vein In lesectiiig the pancreas in 
cases where no tumor was found, Holnian^^ recommends splenectomy to 
adequately control bleeding fiom the pancreas 

The administration of glucose before, duiing, and after operation 
would seem to be a safeguaid It should be admimsteied continuously during 
operation and for a leasonable period postopei atively Guerry et al^^ have 
reported a case in which they lesected a portion of pancreas and at the con- 
clusion of operation the patient died with a veiy low blood sugar They 
attributed death to “operative insulin crisis ” They do not repoit any post- 
nioitem findings m this case Only duimg the first 20 minutes of operation 
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\\as 1,000 cc of lo pei cent glucose administei eel intravenously in the case 
they repoit 

In examining the panel eas foi tumors, a veij^ careful seaich of the whole 
gland, both hy inspection and palpation, should be made By incising the 
I^eiitoneum ovei the infeiior boidei of the oigan, it can be turned up and 
tumois visualized oi palpated more readil)’^ Aftei lemoving one tumor one 
should investigate to see if othei tumois may be piesent, as both Whipple-^ 
and Graham® have lepoited cases with multiple tumors — some of these cases 
have had only one tumoi removed at the original operation and secondary 
opeiation has been necessaiy on account of peisistence of symptoms, at which 
time a second tumoi has been disclosed 

Ziskind®® has lecentl}'^ reported a case in which no tumor was noted in 
the panel eas at opei ation A resection of panci eas, togethei with splenectomy, 
was then earned out, vith the surpiising discovery of two adenomata in the 
lesected specimen Theie has been a lemarkable constancy found in the size 
of the tumois of the islets, as a lule the}'^ aie small, being about i 5 cm in 
diametei Howevei, one exceptional case, lemoved suigically, mentioned b)'^ 
hippie, weighed 500 Gm 

Pancreatic fistulae have occuried occasionally postopeiativel)^ but have 
geneially been of relatively short duiation and pioduced little difficulty with 
the \\ound JiKkP^ mentions one case he had wheie the fistula persisted for 
nine months 

Genoa! Considci ahons — The teims hypoglycemia and hypeiinsuhnism 
have been used loosely, and by some indniduals they have been used intei- 
changeably This is a gioss eiror Hypoglycemia is simply a laboiatoiy find- 
ing, and theie are many causes of such a condition In maiked cases of hypo- 
gl}cemia, definite symptoms aie pioduced — which symptoms are dependent 
on the low blood sugar and aic the same regaidless of what the etiology may 
be Appended is a list of the causes of hypoglycemia as given by Judd and 
Rvneaison 

( 1 ) I'lypei msulimsm 

( A ) Endogenous — Pancreas 
(B) Exogenous — Insulin 

(2) Lack of opposing seci etions— from disease of supiaienals— tumois of 
pituitary — anj m3"xedema 

(3) L^ck of gh'cogen fiom liver or wasting muscles — renal diabetic, lac- 
tation, and starvation 

(4) Interference with regulating center— o\ei active vagus 

JiidcP® has leported two cases, explored foi pancreatic islet tumoi, in w^hich 
maiked Iner damage was found, but no tumois were found in the pancreas 
^>id Oeitiiig’ hare reported two cases of extiapancreatic hypoglycemia 
one a case of cancer of the stomach with extieme emaciation and an atrophic 
li\cr weighing 800 Gm , the second case was one of Addison’s disease 
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In borderline cases medical management should be carried out foi a con- 
sideiable length of time Judd^® emphasized a physiologic disturbance m the 
islets from vagus effect, lesultmg in low blood sugars, and advised against 
lesection m such cases McCaughan and Biown-'^ repoited seven cases wheie 
they had lesected lelatively laige poitions of pancreas m bordeilme hypo- 
gtycemic states without satisfactoiy results (Such a proceduie could be 
likened to gasti o-entei ostomy f oi hypei acidity without demonstrable pathology 
m the stomach oi duodenum Such gastro-enterostomies nevei gave lelief of 
symptoms and often cieated a woise state of affairs than aheady existed ) 

Wheie opeiation fails to disclose any gioss disturbance m the pancreas, 
fuithei search of the abdomen should be made befoie resection of the panel eas 
Possible souices of islet adenomata, othei than in noimal pancreas, aie m 
accessoi}'’ pancieatic rests oi in pancieatic tissue in Meckel’s diveiticulum oi 
del mold cysts of the oAaiy of the female 

The sugar toleiance curve following opeiation m the case heiewith re- 
sembles a diabetic curve now It is altogether conceivable that the patient 
has a pancreatitis with distuibance in her lemammg islet tissue and is a mild 
diabetic This would fit in well vith the fact that both cholelithiasis and 
hepatitis were found at operation 

SUMMARY AND CONCLUSIONS 

(1) A case has been lepoited in which h^perfunction existed in both an 
adenomatous goiter and in an adenoma of the islets of Langerhans , these two 
conditions were coirected by appropriate surgical therapy 

(2) Biologic assays of the tumor tissue removed from the pancreas defi- 
nitely proved its insulin activity 

(3) The most important clinical feature of hyperinsulimsm is that the 
attacks of coma or unconsciousness come on when the patient has abstained 
from food for some time or has exercised, the coma-hke episodes are relieved 
spectacularl}^ by administei mg sugar 

(4) The importance of blood chemistiy m states of unconsciousness, coma, 
or where there is any mental disturbance of questionable origin cannot be 
overemphasized 

(5) It IS important to differentiate hypoglycemia from hypei msulinism 

(6) The pancreas should be attacked suigically only in those cases where 
It seems definitely the source of trouble It should be realized that there aie 
functional hypoglycemic states where operation is definitely conti aindicated 

(7) Where an adenoma or adenomata has been found at operation the 
results have been spectacular, much more so than 111 cases where no tumor 
was found and a resection of the pancreas was earned out 

(8) In doubtful cases, surgical intervention directed to the pancreas is 
justifiable when other causes of hypogl3rcemia have been ruled out, bearing in 
mind that undue procrastination may permit an operable malignant lesion of 
the islets to become inoperable 
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REPORT OP A CASE WITH NORMAL FRAGILITY AND NORMAL RETICULOCTTE 

COUNT, CURED BY SPLENECTOAIY 

Anson G Hurley, M D , 

AND 

Will C Moore, M D 
Muncie, Ind 

A hemolytic type of jaundice is only occasionally encounteied in a suigi- 
cal practice Of these the majoiity occur as the result of acute blood destiuc- 
tion fiom infections or toxins Neveitheless, a knowledge of the conditions 
which are known as congenital and acquired hemolytic jaundice is essential 
because of the frequency with which thej^ must be considered in the diffeiential 
diagnosis of diseases of the hvei, gallbladder and spleen 

Minkowski,^ in 1900, emphasized the heieditaiy chaiactei of the con- 
genital type and gave an accuiate description of the clinical features of the 
disease Chauftord,- in 1907, demonstrated the inci eased fi agility of the red 
cells Naegeh'’ first stressed the impoitance of the increased spheiocytosis of 
the led cells This finding has been noted and confirmed by other observers'* 
(Vaughan and Goddaid, 1934, Hayden, 1934, Hawksley and Baily, 1934, 
Paxton, 1935 , Thompson, 1936) Hayden^ is of the opinion that the anemia, 
jaundice, splenomegaly, 1 eticulocytosis and increased fi agility aie all sec- 
ondaiy to the globular foim of the erythiocyte Hayden found deci eased cell 
diameter and inci eased volume-thickness m all of 12 cases examined The 
mean coipusculai volume was A'ariable It appeals likely that microcytosis is 
a chaiactei istic featuie of the disease Howevei, due to the increased thick- 
ness of the cells, mean coipuscular volume may be inci eased to above normal 
Thompson,'’ from the examination of the spleens from 30 cases piesenting 
the clinical sjmiptoms of hemolytic jaundice, came to the conclusion that 
hemolytic jaundice is a definite clinical and pathologic entity He fuither 
stated that the 1 eticulocytes are markedly iiici eased m all instances, langing 
from 15 to 50 pei cent He also stated that the majoiity of red cells are 
miciocytes and the piesence of microcytosis is necessary for the diagnosis 
In all of his cases he lepoited that there was an alteiation in the fragility of 
the led cells, which peisisted togethei with miciocytosis after splenectomy 
In 1936, Thompson’' repoited his senes of cases, ivhich had inci eased to 45, 
and his conclusions were basically the same as in his aiticle which appeared 
in 1932 ^ 

Medical teaching and wiiting have led clinicians to expect to find an in 
crease in the fragility of the led cells and an increased nuinbei of reticulocytes 
111 the circulating blood in cases of congenital or acquired hemolytic jaundice 
Submitted for publication June 9, 1939 
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Chaufford,- in 1907, was the fiist to recognize an inciease of the leticulo- 
cytes 111 the ciiculatnig blood as a featme of chronic congenital and acquired 
hemolytic jaundice Reticulocyte counts of ovei 20 pei cent have been 
leported by many authors Vaughan'^ repoits 35 cases in which reticulocyte 
counts were made It was increased 111 32 cases, the maximum count being 
60 pel cent The count was 1101 mal m thiee cases No con elation was found 
between the reticulocytosis and the degree of the anemia 

GanssleiT^^ states that 10 per cent of the cases do not show the typical 
abnormality of inci eased fragility of the red cells Bockus and TumeiR^ state 
that microcytosis and increased fragility aie the most constant featuies of the 
disease, but that the fragility is noimal in about 10 per cent of the cases They 
point out that 111 no other disease is such a high peicentage of 1 eticulocy tes 
present 

Baty^“ repoits a case in which 92 pei cent of the led cells weie found to 
contain reticular mateiial and occasional cells with nuclei and nuclear bodies 
A\ere seen Tno years aftei the lemoval of the spleen the patient showed 
reticulocyte counts of 30-70 per cent and signs of continued activity of the 
disease Reyiiolds^^ reports a case of acquiied hemolytic jaundice m a 2i-3^ear- 
old male, who was Avell until 17 months befoie admission, m whom the 
fi agility of the red cells was only slightly alteied and leticulai mateiial was 
present in 95 per cent of the led cells This patient was cuied by splenectomy, 
and the fi agility test over three yeais following splenectomy was normal 
Some investigators believe that immatui e 1 ed blood cells, at least in certain 
disoiders of the blood, aie more lesistant to hemolysis by hypotonic sodium 
chloride solution than are the adult cells, while otheis hold that this is not 
the case 

There are m the literature cases of unquestionable chionic congenital 01 
acquired hemolytic jaundice ivith noimal fi agility tests and noimal reticulocyte 
counts nhich weie cured by splenectomy Such a case is presented herewith, 
because of its seveial featuies which are at vaiiance with the usual case of 
chronic, congenital hemolytic jaundice and because of its very lapid and 
dramatic cure following splenectomy 

Case Report — ^Hosp No 31,481 H M , Avhite, male, age 33, was admitted to the 
Ball Memorial Hospital, September ii, 1934, complaining of vomiting, weakness, jaundice, 
pain in the right upper quadrant, and loss of weight 

Onset and Com sc — The patient stated that he had been yellow, i c , jaundiced, off 
and on all his life His condition was noticed three days after he was born and had 
continued to be present ever since However, there were times Avhen the jaundice was 
mild and other times when it Avas quite deep It did not seem to interfere A\uth his 
health m any great degree, he Avas able to AA^ork and to carry on a fairly normal life 
until the onset of his present complaints, Avhich developed on month ago At that time 
he had a very severe headache A\diich Avas relieved after three days, and patient thinks 
that the jaundice probably deepened at this time After the headaches Avere relieved, 
the patient started to vomit and he AA'as unable to keep food on his stomach for ten 
days but vomited Avater only tAvice during that period During this time he had pains 
m his abdomen (R U Q ) off and on The pains Avould start in the right flank and 
radiate medially along the line of the loAA^er right ribs to the midepigastnc region One 
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attack of this pain was definitely colicky in nature, very severe and he vomited consid- 
erably Afterwards he was somewhat relieved The bad attack occurred about ii da>s 
previous to admission, since which episode he has been improving, he has not vomited 
since, has had a fairly good appetite, has had but a small amount of pain in the right 
upper quadrant and, in general, has felt pretty well except for weakness At present, he 
IS jaundiced but not having any pain, is not nauseated, and tolerates food 

He had lost about 30 pounds during the last month Varjing degrees of jaundice had 
been present since birth but he had not had itching of the skin Headaches were rare 
Severe one at onset of present illness Tinnitus and diz/iness only when attempting to 
get up since beginning of present trouble There had been no cough or hemoptysis 
Some dyspnea on exeition Says he has had heart trouble since 1918 following an attack 
of “flu ” Occasionally ankles swell No precordial pains His appetite had been good 
until onset of present complaint and for the last ten days Had no trouble in eating 
fatty foods before onset of complaint Djspepsia is caused bv cucumbers and unripe 
bananas Did not have clay-colored stools during present trouble and there is no historj 
of them having been noticed previously Has not been constipated There has been no 
burning or frequency of urination Urine is usually fairly yellow, but the color has 
varied from time to time No hematuria Seems to think he passes a normal amount 
of urine 

The patient does not know about childhood diseases except he recalls having had 
the mumps No scarlet fever, no typhoid fevei, no pneumonia Has enjoyed fairlv 
good health 

Family Histoiv — Father, age 58, living and well Has never been jaundiced His 
parents weie never jaundiced Mother died at age of 40, and was never jaundiced Her 
parents were never jaundiced Two brothers living and well Two sisters and one 
brother died in infancy Patient does not know the cause of their death 

Physical Examwattoit — The patient is a well nourished and well developed white male 
with a marked icteric tint to skin and sclerae Is not in pain but appears to be moderatelj 
chronically ill T 99° F, P go, R 20, B P 128/35 No falling of hair, no gross ab- 
normalities of the head The eyes react to light and accommodations and their move- 
ments are normal The tongue is somewhat drj , cryptic tonsils , no pharyngeal in- 
fection The thyroid is smooth and small , no cervical adenopathy The chest show s 
equal expansion The lung resonance seems slightly impaired posteriori}', normal 
vesicular breath sounds, no rales The apex impulse of the heart is visible in sixth left 
interspace in midclavicular line, no thrills palpable Slight enlargement to left None to 
right Right border at parasternal line, left at anterior axillarr line, 10 cm to left of 
midsternal line A systolic murmur is heard at the apex and a faint diastolic at the 
base over the aortic area Corrigan pulse B P 128/35 Pistol shot femorals Positn e 
Duroziez’s sign The abdomen is not distended, the spleen is easih palpable and is en- 
larged inferiorly to the level of the umbilicus and mesially to the left paramedian line 
The splenic notch is palpable There is a definite area of tenderness in the right mid- 
clavicular line at the costal margin No rigidit} The extremities are negative Clinical 
impi cssioiis Cholec} stitis wuth cholelithiasis Old inactive rheumatic heart disease with 
mitral and aortic regurgitation, possible functional component Chronic, congenital hemo- 
htic jaundice 

Laboiatoiy Data — Blood, September ii, 1934 Hemoglobin 46 Gm , 276 per cent, 
er}throc}tes 970,000, poikiloc} tosis ++, polychromatophilia, +, color index 14, leuko- 
c\tes 2,800, eosinophils o, hmphocytes 20 per cent, neutrophils, band 10 per cent, polys 70 
per cent Urine, September 12, 1934 Clear, acidity low', specific gravit} r oog, albumin 
negative, sugar faint trace, crystals o, leukocytes 0, erythrocytes, epithelial i plus, 
granular -f, motile bacilli -f— f-k Blood, September 12, 1934 Van den Bcrgh, direct 
reaction and indirect reaction, bilirubin 69 mg per 100 cc blood Icteric index too, 
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bromsulphalein liver function test normal Fragility test Hemolysis commenced at 044 
per cent, complete at 0 38 per cent 
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Three days later, September 15, 1934, the patient was given 525 cc of whole blood 
by the Kimpton-Brown method with no reaction , this was followed 111 two days by 700 
cc with no reaction The following day 675 cc of blood was given with a subsequent 


enlargement of the spleen and deepening of the jaundice 
Gastric analvsis, September 19, 1934 




Specimens Fasting 

Total acidity 2 

Free acid none 

Quantity (cc ) 35 

15 mm 

2 

none 

10 

30 min 

10 

none 

8 

45 nnn 

6 

none 

10 

60 min 
18 

none 

20 


No blood found, lactic acid present Microscopic Numerous diplostreptococci , many 
gram-negative and gram-positive bacilli, numerous Spu ochaeta vmcenii , numerous fusi- 
form bacilli 

Blood, September 21, 1934 Hemoglobin 64 Gm , eythrocytes 1,760,000, leukocytes 
1,900, eosinophils i, l}^mphocytes 48, monocytes 3, neutropliils, band 12, polys 36 

The patient was then given 600 cc of whole blood, September 22, 1934, and 685 cc 
whole blood, September 24, 1934 On September 25, 1934, the hemoglobin was 94 Gm , 
64 per cent, erythrocytes 2,170,000 There occurred increasing signs of blood destruc- 
tion following the transfusions One cubic centimeter of concentrated liver extract 
was administered intramuscularly twice a week He refused to submit to splenectomy 
and was discharged, September 29, 1934 

Followung discharge, the patient received deep roentgenotherapy to the spleen 
w'lthout benefit, and w^as readmitted, November 8, 1934, for transfusion, at wdiich time 
he was given 510 cc of w'hole blood, and the following day w'as given 675 cc more 
The red blood count followung these transfusions w^as 1,910,000, hemoglobin 62 Gm , 
or 37 per cent He was then discharged but W'as readmitted, November 20, 1934, at 
w'hich time he agreed to have splenectomy performed The red blood count at that 
time W'as 1,220,000, hemoglobin 5 4 per cent, and reticulocytes i 9 per cent He had 
approximately 2,200 cc of w'hole blood administered during the following week 

Operation — Splenectomy was performed, December i, 1934 The spleen w'as firmly 
adhered to the diaphragm, but otherwise the operation presented no technical difficulties 
The gallbladder w'as large and full of small stones It was not removed or opened 
He was given 600 cc of whole blood postoperatively without reaction, and the follow'ing 
day, December 2, 1934, the hemoglobin was 12 Gm , red blood count 3,260,000, reticulocyte 
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-A and B Photomicrographs of the spleen showing striking changes in the splenic sinusoids with the chaiacter 
nent of the living cells producing the appearance of pseudo acini There is almost complete absence of hmph 
I generalized deposition of pigment (A Xa^o, B X 4 S 0 ) 
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count 128 per cent, and the leukocytes 20,150, of \vhich 91 per cent were polys On 
December 3, 1934, the hemoglobin was iiS Gm, red blood count 2,950,000, reticulocytes 
II 8 per cent December 4, 1934, hemoglobin 108 Gm , red blood count 2,800,000, 
reticulocytes 84 By this time, which was 48 hours aftei splenectomj, the jaundice 
had completely disappeared Daily blood examinations showed a slow but gradual rise in 
hemoglobin and red blood count, with a decrease in reticulocyte count to 48 per cent 
on December 12, 1934, and he was dischaiged in good physical condition, December 19, 

1934 
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Pathologic E'lamtttafwH — Gross Dr Lall G Alontgomeiy The spleen weighed 
1,577 Gm and measured 24 x 17 x 6 cm There is perisplenitis Grade II, especially maiked 
over the diaphragmatic areas, where there is an adhesion to the diaphiagm measuiing 


Price Jones 
Erythrocyte Diameter 
I cell at 50 microns 

1 5 5 

4 cells at 60 

8 6 5 

82 70 

2 7 5 

2 80 

Average cell diameter 
7 microns 

Chart 3 — October ii, 1939 Show 
ing the diameter of the erythrocytes 



(0 


5 5 ^ 3 5 cm Mtct oscopically, the splenic capsule is slightly thickened and there are 
scattered foci of chronic capsulitis There are also scattered fibrous adhesions arising 
from the capsule There is almost complete absence of lymphoid tissue except around 
occasional trabeculae The pulp is occupied by great numbers of erythrocytes, and 
scattered widely throughout the sections are large amounts of brownish pigment The 
most striking feature of this section is the appearance of the splenic sinuses, the lining 
cells of which present the characteristic arrangement so often found in the spleen of 
hemolytic jaundice, which gives them the appearance of being arranged m pseudo-acini 
(Fig I A and B) This appearance is seen throughout the section Pathologic Diagnosis 
Typical of the spleen found in cases with hemolytic jaundice 
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Subsequent Couise — Within one month following the patient’s discharge from the 
hospital he returned to work as a garage mechanic On April 2, 1935, his blood count 
showed Hemoglobin 168 Gm , 1008 per cent, erythrocytes 4,750,000, leukocytes 7,550, 
no reticulocytes Hemolysis began at 042 and was complete at 034 On April i, 1939, 
hemoglobin 135 Gm , 81 pei cent, color index i i, erythiocytes 3,630,000, an occasional 
monoblast was present, leukocytes 6,900 Fragility began at 0 45 and was complete at 
0 35 Volume index i i 

The patient has not had gallbladder symptoms subsequent to his first admission to 
the hospital Oral cholecystography, April 12, 1939, revealed a small, functioning gall- 
bladder, with the shadow of one stone, about o 8 cm in diameter, in the fundus 

Comment — Dining the peiiod of obseivation of this case microcytosis 
has not been observed The ciitical condition of the patient so stiongly indi- 
cated repeated tiansfusions that only two da3's’ observation pi 101 to tians- 
fusion was possible 

In the presence of seveie anemia and an absence of microcytosis the find- 
ings of a noimal fragility of the ciiculatmg red cells seems plausible An 
mteiesting association between micioc3Tosis and increased fiagihty is hi ought 
out by the observation of Krumbhaar^'* that in various mammals those with 
the smallei red cells have the highei fi agility 

Dawson^^ repoits that five of 40 collected cases showed normal fragility of 
the red cells Biich and Jafle^'’ repoit tiio cases of hemolytic jaundice occur- 
iing in adolescence with normal fiagihty of the red cells and noimal 
leticulocyte counts Both cases were cuied b3'- splenectomy 

Some authois (Chene3f and Chenev,^" and Re3molds^®) have attempted to 
explain noimal fiagihty on the basis that leticulated led cells aie moie le- 
sistant to hemol3'Sis than noimal led cells While it ma3f be true that reticu- 
lated red cells aie moie lesistant than normal, then hypothesis will not 
explain the noimal fragilit3' encountered m the cases of Biich and Jaffe^® and 
111 the authoi’s case 

It IS mteiesting to note that m the case repoited by Re3moIds^^ the 
fiagiht3'^ test was noimal, paitial hemob'sis beginning at o 4 pei cent sodium 
chloride solution and complete hemob^sis at o 32 pei cent At that time, 95 
per cent of the cells showed leticular mateiial 

The cases lepoited by Baty^- showed concomitant inci eased fiagihty and 
high ieticuloc3^tosis (92 pei cent) It appeals from a leview of the hteiatuie 
that the occuri ence of 1 eticulai material in the 1 ed cells is not the factor respon- 
sible foi noimal fiagihty when it is encounteied 

In the authoi’s case, paitial hemol3'^sis of tiansfused blood was occuirmg 
befoie splenectom3^ This was manifested chnicall3^ by the inciease in the 
size of the spleen following transfusions, mild leactions, deepening of the 
jaundice and inabihtj" to effect an3’^ prolonged mciease in the red cell count 
with fiequent large transfusions 

If the spleen becomes ovei active in blood destiuction function and will 
destroj' noimal transfused red cells, it seems plausible to believe that it would 
lapidljf destroy the less resistant red cells as they come into the blood stream 
and leave circulating the more resistant cells 
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Gallstones occur in about 6o pei cent of the patients with congenital or 
acquired hemolytic jaundice The stones are usually composed almost en- 
tiiely of the pigment which is piesent m the bile m gieat excess Brooks^^ 
leports a case of congenital icteius wutli gallstones m a patient four yeais old, 
m whom the spleen w^as lemoved and the gallhladdei diained In the author’s 
case there has been, appaiently, an almost complete disappearance of the gall- 
stones f ollowung splenectomy, as far as is evidenced m the roentgenogi am 
In view of the pathologic physiology m these cases wath gallstones, it ap- 
peals rational that biliaiy tiact opeiations should be leserved for cases of 
obstiLiction of the common, hepatic or cystic ducts 
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ACUTE CHOLECYSTITIS PRECEDING NEOPLASTIC COMMON 

BILE DUCT OBSTRUCTION 

Robert E Rothenbebg, M D 

AND 

Shepard Gerard Aronson, M D 
BnooKLiN, N Y 

II!OM THE SUIlGir\L SmMCES OF THE JfHISII lIOSIITtL BIIOOKMV \ 1 

The purpose of this communication is to report a senes of eight cases 
m which acute cholecystitis occunecl dining the early course of neoplastic 
common bile duct obstiuction The cases are mteiestmg in that one can 
tiace the oiigin of the acute exaceibation of the cholecystitis and can ap- 
preciate the factois which led to its development Also, the cases aie of 
suigical importance m that the undei lying malignant lesion was overlooked 
in eveiy instance because of the acuteness of the gallbladdei inflammation 
The patients, consisting of six females and two males, were admitted to 
the hospital and opeiated upon because they presented symptoms and signs 
suggestive of an acute lesion in the biliary tract All of the patients com- 
plained of upper abdominal pain, and in addition, six of them gave a history 
of belching, pyiosis, and aveision for fatty foods Similai attacks, dating 
fiom one to 25 yeais pi 101 to hospital admission, had occuned previously m 
SIX of the cases In seven of tlie patients, the type of pain was characteristic 
of biliaiy colic, wheieas the eiglith patient complained of severe left upper 
quadiant abdominal pain with ladiation to the upper right quadiant and to 
the back On admission, the tempeiatuie was moderately elevated m all 
but two cases The two patients with normal tempeiatuie had been suffering 
fiom then acute cholecystitis foi twm iveeks and one month pi 101 to hos- 
pitalization Physical examination levealed muscle spasm and tenderness in 
the light uppei quadiant of the abdomen in every instance Three patients 
piesented tendei, palpable gallbladdei s, but no othei abdominal masses w^eie 
found 

None of the patients had noted jaundice m tlien pievious attacks of 
cholecystitis, although three of them w^ere definitely icteric on admission Of 
the jaundiced patients, twm w^eie suffering from then first attack of gall- 
bladdei disease The third had had lepeated episodes of pain foi ten months 
but had been jaundiced foi only ten days piioi to hospitalization 

The pieopeiative diagnosis m six cases was acute cholecystitis The 
othei tw'o patients w^eie thought to have obstiuctive jaundice due to stone 
01 to a caicmoma piessing upon the common bile duct The opeiative find- 
ings, however did not seem to substantiate the clinical impiession of malig- 
nancy in eithei of these lattei two cases At opeiation, gangienous cho- 
Submittecl for publication June 27, 1939 
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lecystitis was found in two cases, empyema of the gallbladder in one case, 
and acute inflammatory cholecystitis in the othei five Cystic duct calculi 
weie encountered m five cases The othei thiee patients had acute iion- 
calculous cholecystitis 

The operative notes m foui cases stated that the common duct and head 
of the panel eas weie fiee from pathology In one case, where the omentum 
was wrapped around a perforating gangrenous gallbladder, no mention was 
made of the panel eas or common bile duct One suigeon noted that the 
pancreatic head was “somewhat enlarged but not the seat of malignancy,” 
and another surgeon found the pancreas to be “soft and edematous ” Com- 
mon bile duct compression by thiee enlaiged lymph nodes was stated as an 
auxiliary finding in the eighth case In no instance did the operatoi suspect 
that he was dealing u ith anything but an acute cholecystitis Moi e complete 
reports on operative findings will be found in the abstracts of the case 
1 ecords 

Cholecystectomy was performed upon six patients and cholecystostomy 
upon the othei two A small section of the gallbladdei wall was removed 
from both patients on whom cholecystostomy had been pei formed Un- 
fortunately, the microscopic section of the gallbladder of one case could not 
be located However, the opeiating surgeon described the specimen as fol- 
lows “Gangrenous gallbladder wall containing frank pus and a few stones ” 
Examination of the microscopic sections in the other seven cases levealed an 
acute cholecystitis, in most instances superimposed upon chionic inflamma- 
tion None of the gallbladders showed any neoplastic tissue The pathologic 
reports aie given in detail m the abstracts of the case records, and photo- 
miciographs of sections of the gallbladder wall will be found elsewhere in 
this report 

Seven of the eight patients recovered from the gallbladder operation, al- 
though convalescence was complicated m foui instances It is interesting 
to note that the operative findings in the three patients who had the most 
uneventful postoperative courses stated that the pancieas and common duct 
were normal Evidently the compiession of the common bile duct by the 
growing neoplasm was not yet great enough to letard opeiative recovery A 
right hemiplegia developed in one patient on the tenth postoperative day, but 
the couise was otherwise uncomplicated and the patient eventually became 
well enough to be dischaiged from the hospital One patient, upon whom 
cholecystostomy had been perfoimed, failed to drain sufficient bile, probably 
because the acute inflammation had caused a temporary blocking of the 
cystic duct She was able to leave the hospital aftei 15 days of postopei ative 
convalescence, but still showed a moderate icterus and inadequate biliary 
drainage Two patients who had been subjected to cholecystectomy ran a 
markedly febrile course but managed to attain operative recovery after de- 
veloping biliary fistulae The eighth patient died three days following chole- 
cystostomy foi an empyema of the gallbladder In this case, the undei lying 
malignant lesion was unexpectedly discovered at autopsy 
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The histones of the inteival couise, fiom the time of hospital discharge 
to readinission, boie gieat similarities Weakness, anorexia and weight loss 
occurred m all cases No patient made a sufficiently complete recovery so 
that he oi she could leturn to the peifoimance of noimal duties Case i 
developed jaundice a few days aftei discharge fiom the hospital and con- 
tinued with S3nnptoms of biliary disease foi the 133^ weeks between hos- 
pitalizations Case 2 became jaundiced ten weeks following discharge from 
the hospital and was leadmitted in the middle of the thiiteenth week Case 
3 continued to have abdominal pain and othei pieopeiative symptoms foi 
the entile interval of ii wrecks, fiom the time of the fiist discharge to 
second admission to the hospital Case 4 also failed to have symptomatic 
lelief following the gallbladdei opeiation and w'as leadmitted to the hospital 
ten weeks latei Case 5 show^ed piogicssive w^eight loss, anoiexia, and w'eak- 
ness during her interval peiiod The bihaiy fistula continued to dram, but 
icteius continued and the patient was foiced to seek readinission to the hos- 
pital 24 weeks aftei hei fiist dischaige Case 6 came back to the hospital 
twm weeks following her dischaige She had had chills, fever, and abdominal 
pain thioughout the entire inteival Case 7 developed a postoperative biliarj 
fistula and maintained a fan state of health for the fiist 12 weeks after 
leaving the hospital He then developed jaundice which receded spontane- 
ously aftei two wrecks Readinission to the hospital, 20 w'eeks aftei his first 
discharge, was necessitated by a second lecuiience of jaundice (As pievi- 
ously mentioned. Case 8 died three days follow'ing first operation ) In six 
of the above seven cases, the appeal ance of jaundice w'as the deciding factor 
which led to leadmission to the hospital The nonicteiic patient w'as read- 
mitted wuth a diagnosis of subhepatic abscess 

On second admission, all of the patients looked chronicall}’' ill Theie 
were none of the acute findings of abdominal tenderness and muscle spasm 
which had been piesent on pievious examination An abdominal mass m 
the legion of the scai of the gallbladdei opeiation could be palpated in thiec 
of the secen cases The clinical impression in six cases w^as common bile duct 
obstiuction Carcinoma of the head of the pancieas 01 bile ducts was con- 
sideied as the cause of obstruction m five of these cases, although common 
duct stone 01 common duct stiictuie w^as also mentioned as a possible diag- 
nosis The sixth case w^as thought to have a calculus wdnch had been over- 
looked at the pievious operation, and the seventh patient w^as diagnosed 
preopeiatively as having a subhepatic abscess 

A maikedly enlarged, firm, nodulai head of the pancieas Avas found at 
operation in four cases A mass aiising from the region of the common bile 
duct was discoveied in twm cases The undei lying malignant lesion was 
found in the tw'^o lemaining cases at autopsy The pathologic specimens of 
malignancy were obtained by biopsy at operation in four cases, Avhereas, three 
othei specimens w^ere obtained only at autopsy Thus, theie is but one case 
in wdneh no microscopic section is available, and m that case, the opeiating 
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surgeon stated that the head of the panel eas was markedly enlarged, haid 
and nodular, with enlargement extending up along the common duct 

The thiee pathologic specimens obtained fiom the common bile duct 
showed typical caicmoma The three specimens removed at operation from 
the head of the pancieas or penpanci eatic lymph nodes also showed typical 
carcinoma The sections fiom the seventh patient showed a rhabdomyosai - 
coma which had originated in the uppei end of the light iliopsoas muscle and 
had metastasized widely Autopsy revealed that the head of the pancieas 
was infiltiated with metastatic tissue and was sui rounded by large, pale-gray 
and pale-yellow lymph nodes which, microscopically, also showed sarcoma 
The teiminal end of the common bile duct had been constiicted by these 
metastatic nodes Detailed pathologic leports as well as photomicrographs 
of all specimens aie to be found with the abstiacts of the case recoids 

ABSTRACTS OF CASE RECORDS 

Case I — Hosp No 73409 S S , white, female, age 52, was admitted to the hospital 
July 7, 1922, because of excruciating pain in the right hypochondnum, nausea, vomiting 
and constipation Pain radiated to right shoulder and around to the back History 
of many similar attacks, relieved only by injection of morphine during past ii years No 
jaundice Physical examination revealed marked tenderness m right upper quadrant of 
abdomen with a tender, palpable gallbladder A preoperative diagnosis of acute 
cholecvstitis was made, and the patient was operated upon the day following admission 
Opoative Pathology — Gangrenous, distended gallbladder containing a few stones 
and frank pus No adhesions to surrounding structures No other pathology noted 
Pi occdut c — Cholecystectomj' 

Patient made an uneventful recovery and was discharged on the eighteenth postopera- 
tue day, July 26, 1922 

Within a few days after leaving hospital, the patient began to have pruritus and 
noticed that her urine was dark in color Soon thereafter, the family noticed that her 
skin was “jellow” Two months following discharge from hospital, nausea and vomiting 
recurred, but no colicky pain There were steady loss of weight, anorexia, and weakness 
from the time of gallbladder operation until readmission to the hospital Patient was read- 
mitted, October 28, 1922, because of the progressive jaundice, weight loss, weakness and 
vomiting Physical examination revealed skin to be markedly icteric Scar in right 
upper quadrant well healed, no palpable masses The clinical impression was that the 
patient was suffering either from constriction of the common bile duct by adhesions, or 
that a malignancy was present The second operation was performed, November 3, 1922 
Opctativc Pathology — Dense adhesions at site of previous cholecystectom}" Very 
dark cholemic liver Indurated enlarged pancreas Induration along common bile duct 
Pancreas of stony hardness producing pressure on common bile duct No calculi palpable 
Pioccdttre — Tissue excised from head of the pancreas and along common bile duct 
Pathologic Exavnnation — The tissue is composed of nests and cords of large cyhndnc 
cells varjung in size, shape and staining reaction of the nuclei Many are in mitotic divi- 
sion In some areas, they form lumina which are widely distended with amorphous, 
lavender-staining material In places, tumor tissue is seen within distended endothelial 
lined spaces The stroma is abundant, loose and densely infiltrated with small and large 
mononuclear cells, eosinophils and polymorphonuclear leukocytes Deposits of calcium 
are seen at one end of the section In some areas, too, the lumina are large and are 
lined by compressed cells Within such lumina, theie are amorphous lavender-staining 
material and groups of tumor cells (Fig i) Pathologic Diagnosis Adenocarcinoma 
(colloid) 
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Postoperatively, the patient did poorly A biliary fistula developed on the fifth day 
after operation The patient was finally dischaiged from the hospital on the sixtieth post- 
operative day in poor condition, deeply jaundiced 



Fig I — Pntli No A1088 Photomicrognph sliowing circmonntous 
tissue removed from the head of the inncreas (X250) 


Case 2 — Hosp No 123590 J B , white, female, age 58, was admitted to the hos- 
pital, October 6, 1929, complaining of right upper quadrant abdominal pain for past two 
weeks Pam was severe and colickv and caused patient to double up Nausea, chilly 
sensations and fever accompanied this attack which recurred several times during the days 



Fig 2 — Path No 221 13 Photomicrograph showing portion of will 
of gangrenous gallbladder (X250) 


preceding hospitalization History of abdominal bloating, belching and pyiosis for manj^ 
years No jaundice or clay-colored stools Physical examination showed tenderness 
and muscle spasm in right upper quadrant of abdomen Gallbladder was palpable as a 
tender mass just below the right costal margin A preoperative diagnosis of an acute 
exacerbation of a chronic cholecystitis was made 

Opciahoi ! — Cholecystectomy was performed, October g 1929 

Opciafive Pathology — Gallbladder vv’as three times normal size, full of calculi, con- 
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taming small amount of pus Apparent perforation of gallbladder into liver bed Sur- 
rounding liver tissue edematous, boggy, and covered with a plastic exudate Gallbladder 
Itself embedded m massive adhesions and covered with omentum Cystic duct edematous 
and compressed by a large lymph node Moderate degree of neighboring duodenitis 
Opciativc Diagnosis Gangrenous cholecystitis 

Pathologic Examination — Destruction of the mucosa and necrotic tissue m the wall 
of the gallbladder wduch is the seat of areas of polymorphonuclear cell infiltration, edema 
and extravasation of blood (Fig 2) Pathologic Diagnosis Acute suppurative cholecys- 
titis with gangrene 

Postoperative course was satisfactory until the tenth day when patient suddenly be- 
came unconscious and developed paralysis of right arm and right leg Consciousness 
eventually returned and patient w'as found to have a motor aphasia The abdominal 
wound healed and patient w'as discharged from hospital on the thirty-fifth day after 
operation 

Subsequent Coitise — Ten w'eeks following hospital discharge, pruritus and jaundice 
appeared On readmission, February 9, 1930, the patient w^as found to be deeply jaundiced 
and to have acholic stools No abdominal pain during interval between hospital discharge 
and readmission Except for the residual signs of the hemiplegia and the deep jaundice, 
jihysical examination revealed no significant findings Abdomen was soft and flat , no 
masses palpable Pi eopei ative Diagnosis Common duct obstruction, due either to stricture 
secondary to previous cholecystectomy or to malignancy The second operation took 
place ten days follow'ing readmission, February 19, 1930 

Opel ative Pathology — No free fluid m peiitoneal cavity Liver slightly enlarged, 
congested, showung evidence of biliary cirrhosis Duodenum and pylorus firmly adherent 
to liver m region of portal fissure A marked cartilaginous cicatrix at the upper part of 
the common duct just below' the junction of the cystic duct w'as found No evidence of 
suppuration Head of pancreas moderately enlarged, but no evidence of neoplastic 
pathology 

Pioccduie — Adhesions between liver, pylorus, duodenum and common duct separated 
A portion of tissue w'hich was involved in the cicatrix about the common duct was excised, 
thus releasing some of the constriction on the common duct Rubber dam inserted in 
Moriison’s pouch 

Pathologie Examination — Specimen is an ovoid mass of tissue 4 cm m diameter 
Examination show's tissue to be made up of carcinomatous masses, the cells of w'hich 
appear to be highly malignant (Fig 3) 

Postoperatively, the patient did verj' poorly, despite intermittent drainage of bile 
through the abdominal wound Cholemia became marked Patient w'as discharged from, 
hospital, deeply jaundiced, m poor condition, on the forty-eighth day follow'ing operation 

Case 3 — Hosp No 184215 N M, white, female, age 47, was admitted to the hos- 
pital, October i, 1935, because of very severe recurrent epigastric pain, epigastric distress, 
belching, anorexia and weight loss of one year’s duration Pam much w'orse during the 
five months previous to admission The epigastric pain radiated to the back Roentgen- 
ograms, taken prior to admission, revealed calculi m the gallbladder 

Physical Examination — Spasticity and tenderness m the right upper quadrant, no 
masses palpable No jaundice A preoperative diagnosis of subacute cholecystitis and 
cholelithiasis (acute exacerbation of chronic cholecystitis) w'as made and the patient 
operated upon on the third hospital daj' 

Opel ative Pathology — Acutely inflamed, distended gallbladder, opaque, about three 
times normal size, with moderately thickened w'alls Numerous adhesions between gall- 
bladder and surrounding structures A large stone w'as impacted at the junction of the 
ampulla and cystic duct No pathology noted along the common duct, m the pancreas or 
duodenum 

Pi ocediii c — Cholecj'stectomj' 
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Pathologic Examination — ^Tlie mucosal coat is markedly hypertrophied There is 
an increase of the intermuscular and perimuscular connective tissue All the layers 
are somewhat edematous and m areas show freshly extravasated blood An infiltration 



Tig 3 — Path No 23283 Photomicro Tie 4 — Pith No 982 Photomicro 

graph showing carcinoma of the common bile graph showing a portion of the gallbhcUler 
duct (X2so) wall iniohed m an acute inflammatorj proc 

css (X180) 

of polymorphonuclear leukocytes and large mononuclear cells is seen m the tunica propria, 
m the intermuscular connective tissue and the perimuscular connective tissue (Fig 4) 
Pathologic Diagnosis Acute and chronic cholecystitis 



Fig 5 — Path ISo 2112 Photomicrograph showing penpancreatic 
Ijmph node with metastatic carcinoma (X170) 


Patient made an uneventful recovery and was discharged on the seventeenth post- 
operative day, October 19, 1935 

Subsequent Course — Immediately upon leaving the hospital, the patient experienced 
recurrent pains of the same nature as those experienced previous to operation Loss of 
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weight continued and patient vomited occasionall}-- Patient was readmitted, January 2, 
1936, three months after being discharged, with continuous severe epigastric pain radiat- 
ing to the back Physical examination revealed a markedly emaciated woman, jaundiced 
Scar of previous operation well healed, with a mass the size of an egg lunning from its 
upper one-third toward the midline Clinical impression was a carcinoma of the head of 
the pancreas Patient was reopeiated upon, January 4, 1936 

Opeiative Pathology— K hard, nodular mass about the size of a small grapefruit, 
involving the entire pancreas from head to tail 

Pi occdni c — A small, hard node situated over the head of the pancreas was taken for 
biopsy 

Pathologic Examination — Penpancieatic lymph node with metastatic carcinoma 

(Fig 5) 

Postoperatively, the patient did poorly, became even more jaundiced, but recoveied 
sufficiently to leave the hospital on the seventeenth postoperative day 

Case 4 — Hosp No 181636 E Z, white, female, age 56, was admitted to the hos- 
pital, June 17, 1935, complaining of right upper quadrant abdominal pain with radiation 
to back and right shoulder, on and off for past four weeks Pam most severe after 
meals and accompanied by belching Morphine given on several occasions to lelieve 
attacks of colic No jaundice or acholic stools Occasional similar attacks during past 
five years Cholecystostomy had been performed 24 years ago for cholelithiasis Typhoid 
fever as a child Thyroidectomy six years befoie present admission Physical examina- 
tion revealed rigidity in both upper abdominal quadrants, most marked on the light side 
Tenderness on pressure over legion of gallbladdei beneath right costal margin Pic- 
opciative Diagnosis Acute exacerbation of chionic cholecystitis 

Opciativc Pathology — An inflamed gallbladder in a maze of adhesions The ampulla 
was in close proximity to the second portion of the duodenum and there was marked 
pericholecystitis A large ovoid stone was impacted in the cystic duct Some cirrhosis 
of liver The rest of the alimentary tract was apparently negative 
Pi occdtti c — Cholecystectomy 

Pathologic Examination — Gallbladder wall dull and granular Wall moderately 
thickened Serosa is thickened and fibious, muscularis hypeitrophied, and wall is in- 
filtrated with plasma cells, mononuclear cells, and some polymorphonuclear leukocytes 
Mucosa IS diffusely ulcerated (Fig 6) Pathologic Diagnosis Chronic and acute 
cholecystitis Ulcerative cholecystitis 

The postoperative course was satisfactory except for a notation on the chart on the 
tenth day stating that there was slight icterus Patient discharged in good condition with 
wound healed on fourteenth day following operation, July 2, 1935 

Subsequent Couise — The pain in right upper quadrant with radiation to the back 
persisted after patient was discharged and continued until readmission, September 9, 1935 
No jaundice Hospitalization was advised solely because of the persistent pain, and it 
was the impression that a common duct stone had been overlooked at the first operation, 
or that a malignancv was present The preopeiative diagnosis on the operative sheet was 
“carcinoma of the stomach ( ” 

Opeiative Pathology — Stomach, duodenum and intestines normal Numerous ad- 
hesions about the gallbladdei bed Common duct was exposed and found to be dilated 
Stump of the cystic duct was distended and contained debris and several calculi The 
panel eas was markedly enlarged from the head extending dowm tow^ard the tail 

Pioceduic — Biopsy of tissue from region of head of pancreas taken Choledochotomy 
performed and clear bile aspirated A large T-tube w'as inserted into the common duct 
Pathologic Examination — Specimen consists of tissue measuring 2x2x15 cm, irreg- 
ularly lobulated, grai and pink Tissue said to come from pancreas Sheets of epithelial 
cells are imbedded m a scant hyalinizmg fibrous connective tissue stroma, densely in- 
filtrated w'lth round cells, mononuclear cells and polymorphonuclear leukoc3"tes The 
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peripheral cells have a palisade arrangement The nuclei are large, vesicular, hyper- 
chromatic, and an occasional mitotic figure is seen (Fig 7) Pathologic Diagnosis 
Carcinoma, metastatic 

Postoperative!}', the patient had a satisfactory course, drained bile and was able to 
leave the hospital on the eighteenth dav after operation 

Case s — Hosp No 191379 M M , white, female, age 58, entered the hospital, 
Ma} 25, 1936, because of cramp-like abdominal pain, nausea and vomiting which had 
begun 16 days previously Tw'o or three days following onset of pain, urine became 
dark in color, stool gray, and skin jaundiced Tw'O or three days prior to admission, the 
icterus appeared to be less intense Past history was entirely negative for previous sim- 
ilar attacks Phvsical examination revealed a thin, undernourished w’oman, lying com- 
fortably in bed There was moderate tenderness and muscle spasm in the epigastrium 



Fig 6 — Path No 812A Photomicro Fig 7 — Pith No 812B Photomicro 

graph bhouing area of icute inflamnntion in griph of a biopsj liKen from the region of 
gallblidder wall (X200) the held of the pancreis showing diffuse cir 

cinomi (X290) 

and right upper quadrant of abdomen A rounded, tender mass, the size of a man’s fist, 
w'as palpated three fingeis’ breadth below the right costal margin A preoperative diag- 
nosis of obstructive jaundice due to common duct stone w'as entertained and the patient 
was operated upon the day following entrance into the hospital 

Opeiativc Pathology — Moderately distended gallbladder showing evidence of acute 
inflammation No evidence of any neoplasm or calculi There w'as a moderately en- 
larged head of the pancreas w'hicli did not give the impression of malignancv Digestive 
tract normal Postopci ativc Diagnosis Acute cholecystitis, chronic pancreatitis 

Pioccdwc — Cholecystostomy Portion of gallbladder wall taken for microscopic 

examination 

Pathologic Examination — Specimen consists of soft, gray tissue, i2\i\o6 cm in 
diameter Part of the mucosal surface is throw'n into folds covered by cylmdnc cells 
There is a marked increase of connective tissue of the tunica propria as well as of the 
intermuscular and perimuscular connective tissue These are infiltrated w'lth extravasated 
blood, small round cells, large mononuclear cells and polymorphonuclear leukocytes 
(Fig 8) Pathologic Diagnosis Acute and chronic cholecystitis 

Postoperative course was fairly satisfactory', although for the first few days there 

40 S 



Volume 112 
dumber 3 


ACUTE CHOLECYSTITIS AND CANCER 


was rather little bile drainage The wound healed and the patient \vas discharged -with 
a biliary fistula on the fifteenth day after operation, June lo, 1936 On the day prior to 
discharge, temperature rose to 104° F , but returned to normal within a few hours 

Subseqiicuf Com sc — Drainage of greenish bile through the abdominal fistula per- 
sisted following discharge from the hospital Weakness and loss of 21 pounds m weight 
occurred during the interval At no time, from discharge on June 10 to readmission on 
November 22, did the patient regain normal or approximate normal healtl: Stools 
were constantly clay-colored The patient returned to the hospital because of persistent, 
slight icterus and continued w-eight loss She appeared emaciated, but otherwuse no sig- 
nificant physical findings w^ere observed No abdominal masses palpable Fistula was 
lined by granulation tissue and W'as draining bile Operation w'as deemed advisable be- 



Fig 8 — Path No 4010 Photomicrograph Pig 9 — Path No 5697 Photomicro 

showing acute cholecj stitis (X200) graph showing acute inflammation of the gall 

bladder wall (X270) 


cause It W'as thought that a common duct stone had been overlooked at the first operation 
or that a malignancy of the head of the pancieas w'as present 

Opciativc Pathology — Numerous pericholecystic adhesions Foramen of Winslow 
partially patent A large, nodular head of the pancreas wuth a prolongation upw'ard 
along the common duct w'as felt Common duct contained no calculi Postopci aiivc Diag- 
nosis Carcinoma of head of the pancreas 
Pi ocediit c — Cholecj'stoduodenostomj 

The patient made a satisfactory operative recovery Bile did not drain through the 
w'ound and icterus decreased Stools began to show' bile, thereby demonstrating a func- 
tioning cholecystoduodenostomy Patient left hospital on the seventeenth postoperative 
day 

Case 6 — Hosp No 195095 D B , wdiitc, female, age 46, w'as admitted to the hos- 
pital, September 30. 1936, because of severe colicky right upper quadrant abdominal pain 
of tw'o days’ duration Pam radiated to the back and w'as associated with nausea and 
vomiting Temperature had been elevated to 102° F, and there had been several chills 
Belching and aversion for fatty foods for many years Phvsical examination show'ed an 
acutely ill patient complaining of abdominal pain Muscular spasm and marked tender- 
ness 111 the epigastrium and right upper quadrant of the abdomen w'as noted No masses 
No jaundice or history of jaundice A diagnosis of acute exacerbation of a chronic 
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cholecystitis was made and tlie patient was subjected to surgery on tlie second day after 
admission 

Opeiative Pathology — Large, tense distended gallbladdei with thickened wall, par- 
tially embedded m liver substance There appeared to be anomalous vessels arising from 
the cystic arterj^ A stone was found impacted in the cjstic duct Common duct and 
head of pancreas appeared normal No other pathology noted 

Pioccdwe — Cholecystectomj' An excess amount of bleeding was encountered dur- 
ing the operation 

Pathologic Examination — The mucosal surface is thrown into folds covered with 
tall columnar cells There are in places invaginations of the mucosa w'hich extend to the 
somew'hat hypertrophied muscular coat The lamina propria is broadened by edema and 
IS infiltrated bj small round cells, large monomicleai cells, some eosinophils and poly- 
morphonuclear leukocjdes A similar cellular infiltiation, though less marked, is seen in 
the intermuscular and penmuscular connective tissues In the latter, some vessels show' 
margination of white blood cells and there aie small foci of extravasated blood (Fig 9) 
Pathologic Diagnosis Acute and chronic cholecystitis 

Postopei atively, the patient did pooilj Temperature remained high with dailj eleva- 
tions to 102° F The w'ound became infected and drained thin, gra\ pus and bile How- 
evei, from the eleventh to the fourteenth day, the temperature subsided and the patient 
w’as considered sufficiently recovered to discharge, October 18, 1936 

Subsequent Couise — On the day following discharge, temperatuie rose to 104° F 
A deep abscess was evacuated from aiea in wound at the site of the drain A small amount 
of bile drained for the next tw'o to thiee days, but stopped spontaneoush Temperature, 
anorexia and malaise continued despite drainage of the wound abscess A mass in the 
right upper quadrant of the abdomen extending dow'ii toward the riglit iliac spine was 
palpated The patient was readmitted tw'O weeks follow'ing discharge It w'as tliought 
that a subhepatic abscess w'as in process of formation but that operation should be de- 
ferred until further localization had occurred The patient w'as observed for the next 
four weeks, during w'hich time she became progressive]} weaker, lost w'cight, and ran a 
temperature ranging from 102° to 104° F The abdominal mass became larger, but instead 
of localizing, it appeared to become more diffuse On December 4, 1936, an oblique in- 
cision in the right flank w'as made 

Opeiativc Patlwlogv — No pus was found Exploration of tlie retioperitoneal space 
revealed a marked!} enlarged nglit kidnev with induration of the perirenal fat, and boggi- 
ness and thickness extending up abore the kidnej and tow'ard the liver, and retroperi- 
toneallv below' the kidnev down along the course of the iliopsoas muscle Postopei ative 
Diagnosis Retroperitoneal phlegmon 

Pioccdiiic — Insertion of rubber drams 

The patient responded verv poorU to operation Despite blood transfusion and other 
supportive measures, the patient w'ent into shock and expired tlie day follow'ing opeiation 
diitopsv — Sarcoma of iliopsoas muscle, right, metastasis to regional, abdominal, 
retroperitoneal, axillan lymph nodes, spleen pancreas, ovary, peritoneum, ureters, thi- 
roid, and to the vertebrae The pancreas measured 21x4x2 cm, w'eighed 120 Gm and 
show'ed sarcomatous metastases The head of the pancreas w'as surrounded by large, 
pale-graj lymph nodes measuring up to 3x3 cm in size (Fig 10) 

Case 7 — Hosp No 216288 S A , avhite, male, age 46, w'as admitted to the hos- 
pital, February 26, 1938, because of colicky right upper quadrant abdominal pain and 
nausea, particularly severe the past ten dajs He had noticed anorexia, aversion for fats, 
weight loss and weakness for the past month Six years ago, he had had a right hemi- 
colectomy for carcinoma of the ascending colon His health had been excellent since 
then and his bow'el function had been normal For ten dajs prior to admission, his skin 
became jaundiced and pruritus marked Physical examination revealed jaundiced skin 
and evidence of marked w'eight loss Liver was enlarged to tw'O fingers’ breadth below' 
the right costal margin Tenderness w'as extreme in the gallbladder area, with moderate 
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muscle rigidity No other masses palpable Pi copci aiive Diagnoses (i) Metastases to 
liver secondary to carcinoma of colon, or (2) acute cholecystitis with cholelithiasis and 
common bile duct obstruction Operation was performed, March 15, 1938 

Opeiafivc Pathology —Omentum intimately adherent to the anterior parietal wall 
and gallbladder Gallbladder was enlarged, firm, distended and noncompressible Wall 
was injected, opaque, thickened and edematous Lumen contained light mucobile and no 
calculi Cystic and common ducts were normal to palpation Liver enlarged to two 
fingers’ breadth below costal margin , the surface was smooth and no nodules were noted 
Pancreas and duodenum normal Adjacent to the common duct, three distinct soft nodes 
the size of almonds, not exerting pressure on the common duct, were noted Post opeiafivc 
Diagnosis Acute cholecj'stitis, noncalculous 





' ' ' •• c 

t- ^ V . -ii 


Fig 10 — Path No 2798 Photonucro 
graph showing rhabdomjosarcomT., section 
taken from upper end of right iliopsoas mus 
cle (X280) 



Pi occdul e — Qiolecystectomj'^ 

Pathologic Exaniinatioii — The mucosal surface of the gallbladder is thrown into 
coarse and delicate folds There are occasional infoldings of the epithelium extending 
into the greatb hypertrophied muscular coat Connective tissue of the tunica propria is 
greatly increased in amount and is infiltrated with small and large mononuclear cells, 
eosinophils, plasma cells and polymorphonuclear leukocytes This cellular infiltration 
is also seen m the intermuscular and perimuscular connective tissue Some of the blood 
\essels show margmation of the white blood cells A similar infiltration is also seen in 
the serosa which is broadened bj" edema (Fig ii) Pathologic Diagnosis Acute and 
chronic cholecj^stitis 

The patient did fairly well postoperatively for the first two weeks Jaundice slowly 
cleared and the wound healed, despite a large hematoma and wound infection On the 
twenty-second day after operation, the patient developed a spontaneous biliary fistula 
which drained large quantities of bile His course was further complicated by a diffuse 
pyoderma caused bj Staphylococcus aiiicus He was kept m the hospital for 69 days 
after operation, during which time his biliary sinus drained intermittently Staphylococcus 
vaccine nas given in large quantities to control his diffuse, pustular skin eruptions 

Subsequent Com sc — From the date of discharge. May 23, until August 20, he was 
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evidently in fairly good health Howevei, his biliary fistula then stopped draining and 
he became jaundiced This lasted for two weeks and subsided spontaneously He de\ el- 
oped jaundice again, September 26, which persisted until readmission to the hospital, 
October lO The day prior to hospitalization, he suffered moderate right upper quadrant 
abdominal pain and had a temperature of 102° F Physical examination revealed slight 
tenderness m the region of the scar in the right upper quadrant but no masses A pre- 
operative diagnosis of common duct stone was made The patient w^as treated conserva- 
tively in an attempt to better prepare him for the surgical procedure He W’as operated 
upon, November 8 , 1938 

Opctatwe Pathology — The common duct w'as found markedly dilated It w'as 
opened and probed m both directions but no calculi n'ere found The duodenum was then 
opened and the common duct explored through the papilla of Vater but still no stones 
were found The duodenum was closed and a T-tube inserted into the common duct 
Pcstoperatively, the patient developed a duodenal fistula, w'ent dow'iihill rapidly, and 
died on the sixth day after operation 

Autopsy — A carcinoma w'as found which originated m the terminal end of the com- 



Tig 12 — Path No 38-165 Photomicio Pic 13 — Path No 2974 Photomicro 

graph showing section of carcinomatous tissue graph showing acute inflamniatorj process m 
from the common bile duct (XiSo) wall of gallbladder (Xipj) 


mon bile duct and extended into the duodenum There w'ere metastases to regional h mph 
nodes The duodenum w'as perforated at the site of its incision W’lth a resultant retro- 
peritoneal cellulitis and areas of fat necrosis No pathology w'as noted at the site of 
anastomosis of the ileum to the transverse colon (Fig 12) 

Case 8 — Hosp No 215187 H T, white, female, age 68, was admitted to the hos- 
pital, September 13, 1938, complaining of constant upper abdominal pain, anorexia and 
weight loss of two months’ duration Icterus and pruiitus noted for past two weeks 
For about one vear patient had been having attacks of cramp-like left upper quadrant 
pain radiating to the epigastrium, the right upper quadrant and around to the back 
Physical examination revealed cachexia, jaundice, and voluntary upper abdominal muscle 
spasm No masses palpable A clinical diagnosis of either carcinoma of the head of the 
pancreas or common bile duct calculus was made, and the patient was operated upon, 
September 24, 1938 

Opctatwe Pathology — An inflammatorj mass including the omentum, transv'erse 
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colon, ileum and gallbladder was encountered Pancreas slightly enlarged but not firm 
or nodular The gallbladder, after being released from the surrounding adhesions, was 
touiid to be grayish-yellow, the i\all was necrotic and considerably thickened In the 
lumen, yellow, purulent material was present No stones found either in gallbladder or 
cystic duct Common duct not visualized because of adherent surrounding tissues The 
hver extended three fingers’ breadth below the costal margin Postoperative Diagnosis 
Emp3^ema of the gallbladder 

Pi ocediii e — Cholecystostomy A small portion of the gallbladder wall was taken for 
microscopic study 

Pathologic Examination — The mucosal surface is completely missing The wall is 
greatly thickened In places it is densely infiltrated by many small round cells, large 
mononuclear cells, plasma cells and some polymorphonuclear leukocytes Numerous thm- 
walled capillaries distended ^\ith blood are seen scattered throughout the entire wall No 



Fig 14 — Path No 38-142 Photomicrograph showing section of 
carcinomatous tissue from common bile duct (>'115) 


neoplastic cells seen (Fig 13) Pathologic Diagnosis Acute and chronic inflammation 
of gallbladder 

The patient went rapidly downhill, and expired three days following opeiation 
Autopsy — At Its junction with the cystic duct, the common duct shows a circular, 
gray, firm mass, 2 cm in width and 3 cm m length The lumen at this point shows a 
granular surface and its caliber is narrowed so that escape of bile is obstructed Micro- 
scopic examination of tissue from common bile duct shows the surface to be composed 
of folds of necrotic tissue in which ghosts of cell structures are seen There are acinar 
and duct-hke structures lined by low cuboidal and cyhndric cells which vary m size, shape 
and chromatin content of their nuclei Occasional mitotic figures are seen Many of 
the lining cells project be}mnd the basement membranes into the surrounding fibrous 
tissue Clumps of cells are also seen within endothehal-hned spaces The cytoplasm 
of these cells is predominantly abundant and finely granular The nuclei are either 
lesicular, round or dark staining and bizarre-shaped (Fig 14) Pathologic Diagnosis 
Carcinoma of common bile duct 

Comment — Seventy-three patients tMth carcinoma of the head of the 
pancreas and 17 patients with carcinoma of the common bile duct entered 
the hospital from 1913 to 1938 Of these 9 0 patients, 19 had cholecystitis, 
* Unpublished data, Jewish Hospital, Brooklyn, N Y 
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as pioved either by operation oi roentgenogi aphic evidence of a nonfunction- 
ing gallbladder Seven of the eight cases of acute cholecystitis, heiein 
leported, aie pait of this group of 19 cases 

As the majoiity of patients who develop carcinoma of the head of the 
pancreas or common bile duct give no history of preceding gallbladder in- 
fection, this factor has been considered of little etiologic significance Ran- 
som,^ m a thoiough review of 89 operative cases of caicinoma of the head 
of the panel eas and extiahepatic bile ducts, found antecedent gallbladdei 
pathology in 15 Rives, Romano and Sandifei” encountered gallbladder 
pathology in eight of then g6 patients with carcinoma of the pancieas Eus- 
teiman and Wilbui^ found that six of 88 nonjaundiced patients with cai- 
emoma of the pancieas also had gross cholecystitis MatshalH leported that 
26 of his 49 patients with caicinoma of the extiahepatic bile ducts had gall- 
bladder disease None of these authois suggests that the cholecystitis played 
an important etiologic idle, although all mention the possibility of some 
causal lelationship 

The high incidence of gallbladdei disease observed in our cases ma} 
possibly be attiibuted to the fact that biliaiy infection occuis so fiequently 
in Jewish people It is inteiesting to note that 18 of the 19 patients with 
antecedent cholecystitis weie Jewish Fuitheimoie, although caicinoma of 
the pancreas is twice as common in men as m women, we find that there 
aie moie women than men in the group with a pieceding cholecystitis This 
is explained by the fact that cholecystitis has a much greater incidence among 
women 

We agiee with the authois quoted, that cholecystitis piobably plays an 
unimportant idle m the etiology of a neoplasm of the common duct or head 
of the pancreas However, it has long been lecognized that distui bailees m 
tissue tension lesulting fiom a suigical pioceduie can acceleiate the giowth 
of a neoplasm As the time interval between the acute cholecystitis and the 
discover} of the malignancy was so shoit in our senes of cases, one might 
hypothesize that the gallbladdei infection caused the underlying tumor to 
glow with 11101 diiiate lapidity Coiiveisely, it is leasonable to assume that 
the piesence of a malignant lesion pei nutted the infectious piocess 111 the 
gallbladdei to take a fiiniei hold than it would have under oidinaiy ciicuni- 
stances 

Scant consideiatioii has been given to the subject of acute cholecystitis 
as a lesion occuiimg duiiiig the eaily couise of caicinoma of the pancieas 
01 common bile duct Ransom s allusion to a case of empyema of the gall- 
bladder in a patient with carcinoma of the head of the pancieas was the only 
instance we encounteied m leviewmg the liteiatuie Since chionic chole- 
cystitis has been noted so fiequently as an antecedent condition m neoplasms 
of the common duct and head of the pancieas, we feel that it is only natuial 
to expect that a ceitam numbei of these cases will be complicated by an 
acute cholecystitis Fuithcrmoie, all of the factois which would cause a 
chionic cholecystitis to become an acute cholecystitis aie present m the 
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eight cases which we have described m this lepoit Thus, biliary stasis was 
increased because of the compression of the common duct by the neoplasm , 
intiaductal pressure became gi eater due to mteiference with free biliary 
diamage, the blood supply to the gallbladder wall may have been embarrassed 
by pressuie fiom the enlarging head of the panel eas or tumoi m the com- 
mon duct, and the cystic arteiy oi cystic veins might have been compiessed 
by enlaiged lymph nodes or by surrounding edema 

Infection finds a feitile soil foi taking loot m the piesence of stasis, 
inci eased intraductal pressure and paitial common duct obstiuction If there 
has been a pieexistent clnonic infection of the gallbladdei, it is even easiei 
for reinfection to take hold When one or moie of these phenomena occurs, 
an otherwise quiescent chronic cholecystitis may become markedly acute A 
cystic duct stone, which had previously produced only partial block, may 
cause complete obstruction with subsequent empyema or gangrene An 
exaceibation of a chronic cholecystitis may be precipitated by edema of the 
neck of the gallbladdei, insufficient blood supply, oi venous congestion le- 
sulting fiom impingement by the neoplasm It is our opinion that such W'^as 
the sequence of events in these eight cases 

The shoit inteival, vaiying fiom a few days to 12 weeks, between the 
opeiation for acute cholecystitis and the development of symptoms of the 
undei lying malignancy, suggests that the neoplasm must liave been present 
at the time of the first operation It is hardly conceivable that the malig- 
nancy could have developed m such a short space of time In retrospect, 
we find that indications of the underlying tumor w^eie present at the fiist 
operation m several of the cases, but that the seventy of the acute findings 
led to the misinterpi etation of these clues Edema and enlarged lymph nodes 
w^ere noted by the operating surgeons, but m the piesence of the acute gall- 
liladder pathology, they w^eie mteipieted as being inflammatoiy in origin 
These cases offei an interesting pioblem from a surgical point of viewq 
for it IS considered meddlesome suigeiy to carry out extensive abdominal 
exploiation in the presence of an acute or suppuiative lesion It is, there- 
foie, leasonable to assume that the underlying lesions were overlooked, fiist, 
because they w'eie not suspected, and second, because the findings were those 
of an acute inflammatory piocess One can merely suggest that wdien acute 
changes 111 the gallbladder aie encountered, a careful search be made m the 
legion of the common duct and head of the pancieas, providing that such 
exploration does not engendei spiead of the infectious piocess 

SUMMARY AND CONCLUSIONS 

(1) Eight cases of acute cholecystitis occurring duiing the early course 
of neoplastic common bile duct obstruction are presented 

(2) In all cases, the gallbladder showed acute inflammation In all cases, 
a malignancy which produced common duct obstruction was eventually dis- 
covered The time inteival betw^een acute cholecystitis and symptoms refer- 
able to the malignancy varied from a few^ days to 12 wrecks 
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(3) 111 no case did the suigeoii suspect a malignancy upon observing the 
acute cholecystitis at the opeiating table 

(4) The mechanism involved in the pioduction of the acute exacerbation 
of the cholecystitis is discussed The acute attack is attributed to the com- 
bined effects of cii dilatory changes and progressive common duct obstruction 
upon a gallbladdei which is already diseased 

(5) Emphasis has been placed on the dangers of not recognizing the 
undei lying neoplasm because of the existing acute inflammatory lesion 

We should like to express our appreciation to Dr D M Grayzel for his assistance 
in assembling the pathologic material 
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FROM THE DIMSION OF PROCTOLOGY, DFPYRTMENT OF SURGERY, ERNEST K TVNNCR, DIRFCTOR VND THE LABOR VTORIES 

OF THF BROOKLYN HOSPITAL BROOKLYN, N Y 

Our lecent expei iniental studies indicate that there is good absorption of 
sulfanilamide fiom the lectum as well as the colon ^ In oui studies on the 
absorption fiom the human large intestine,- warm (30° C ) i pei cent solu- 
tions of sulfanilamide were employed In normal individuals appi oxiinately 
9 mg of combined sulfanilamide per 100 cc of blood were found following 
the lectal admmistiation of 7 Gm of the diug ovei a period of 24 hours 
After about 19 Gm of sulfanilamide had been given ovei a peiiod of 72 
houis, appi oxiinately ii mg of combined sulfanilamide per 100 cc of blood 
weie found 

In oidei to determine whethei sulfanilamide is absoibed directly fiom the 
colon, or whether it passes into the ileum and is absorbed there, the same 
senes of investigations were lepeated m a subject who had no communication 
between' the small intestine and the colon A peimaiient ileostomy with 
exclusion had been perfoimed in Novembei, 1936, for a lapidly piogiessive 
chronic ulceiative colitis Following opeiation, theie had been an aiiest of 
the disease except for the recurient development of polypi Although the 
colon in this case could not be consideied noimal, it afforded an excellent 
oppoi trinity foi the study of absorption of sulfanilamide from the laige 
intestine Aftei the rectal administration of 14 Gm of sulfanilamide over 
a period of about 65 hours, the blood showed a concentration of 15 mg of 
combined sulfanilamide per 100 cc 

In order to investigate the absorption of the drug from the rectum, we 
utilized a subject who had had a lesection of the sigmoid for a carcinoma 
The proximal poition of the sigmoid had been bi ought out as a colostomy 
and the rectal stump had been closed and covered with peritoneum, after the 
method of Devine,^ leaving a defunctioning rectal pouch After the adminis- 
tration of 18 Gm of sulfanilamide in solution into the rectal pouch over a 
period of three days, the concentration in the blood was ii mg of combined 
sulfanilamide per 100 cc This experiment definitely established the fact that 
sulfanilamide in solution is absorbed fiom the isolated rectum 

The folloiMiig are the results of the studies on absorption of sulfanilamide 

Submitted for publication June i, 1939 
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fiom the lectum and colon when given in siippositoiy foim These studies 
weie conducted under the same expeiimental conditions as described in oui 
previous papei - The blood concentrations were detei mined by the method 
of Mai shall, as modified by Mai shall and Litchfield 

Protocol I — L A , white, male, age 52, was admitted to the Brooklyn Hospital, 
December 4, 1938, with a diagnosis of fistula in ano Examination was otherwise 
noimal and he was considered suitable for this study One gram of sulfanilamide in- 
corporated in gelatin-ghccime suppositories was given at three-hour intervals for two 
doses The concentration of the blood three hours after the first dose was i mg free 
sulfanilamide per 100 cc Thice hours after the administration of the second dose, 
2 mg free sulfanilamide per 100 cc of blood were found This procedure w-as repeated 
the following day Three houis after the administration of the first gram of sulfanila- 
mide, the concentration of the blood was i 5 mg free sulfanilamide, and three hours 
after the administration of the second dose, it was 2 5 mg free sulfanilamide per 100 
cc of blood 

We then studied absoiption of sulfanilamide in suppository foim, fiist 
from the colon and then fiom the lectum In these e\peiiments (Piotocol 
2A and 2B) we again employed the subject with the isolated lectal pouch - 

Protocol aA — Two suppositories, each containing 05 Gm of sulfanilamide, tverc 
introduced into the rectal pouch c\ery four hours, the midnight dose being omitted 
After 5 Gm of sulfanilamide had been given, a trace of the drug W'as noted m the blood, 
after 10 Gm had been introduced, i mg free and i mg conjugated sulfanilamide were 
observed per 100 cc of blood and after a total of 15 Gm liad been given, 15 mg free, 
and a trace of conjugated sulfanilamide were found per 100 cc of blood The investiga- 
tion was terminated at this stage because of reasons unrelated to the experiment Traces 
of sulfanilamide in the blood w'ere observed about 30 hours after tlie last dose had 
been given 

Comment — It is evident tliat sulfanilamide incorpoiated 111 suppositories 
IS pooily absoibed fiom the isolated lectal pouch The solution of sulfanila- 
mide w'as absoibed well- Thus, after the administration of 6 Gm of i pei 
cent solution of sulfanilamide ovei a peiiod of 24 hours, 3 mg fiee sulfanila- 
mide pel 100 cc of blood vas found, none of the conjugated form of 
sultanilamide was piesent After the administiation of a total of 12 Gm 
over 48 horns, the concentiation of the blood was 3 5 mg free and i 5 mg 
conjugated sulfanilamide per 100 cc As already recoided, after a total of 
1 8 Gm of sulfanilamide had been given, 6 mg fiee and 5 mg conjugated 
sulfanilamide were obseived pei 100 cc of blood 

Protocol 2B — After preliminary determinations had showm no evidence of sul- 
fanilamide, a study of absorption of sulfanilamide from the colon w'as begun Tw'O 
suppositories, each containing 05 Gm of sulfanilamide, w'ere introduced into the co- 
lostomy stoma every four hours, day and night The patient was instructed to lie on 
his back for one hour after the insertion of the suppositories In spite of this pre- 
caution, parts of the medication w'ere expelled at times After 6 Gm of sulfanilamide 
had been given, 2 mg of free sulfanilamide w'cre found in each 100 cc of blood, after 
the administration of 12 Gm , the concentration of the blood was 2 5 mg free and i 5 
mg conjugated sulfanilamide, and after a total of 18 Gm of sulfanilamide had been 
administered, 3 5 mg free and i 5 mg conjugated sulfanilamide were found per 100 cc of 
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blood The concentration of the blood, 24 hours after cessation of therapj, was I mg 
free and i 5 mg conjugated sulfanilamide per 100 cc 

Comment — This experiment indicates that sulfanilamide in suppositoiy 
foim IS absorbed better from the colon than fiom the rectum Reliable com- 
parative figuies foi absoiption of sulfanilamide in solutions weie not obtained 
owing to the fact that the solution was frequently expelled fiom the colostomy 
stoma 

Protocol 3A — H H, Negro, male, age 20, was admitted to the BrookRn Hos- 
pital because of a left bubo and right inguinal lymphadenopathv The Frei test, using three 
human antigens, gave stiong positive reactions A complete examination and laboratory 
tests disclosed that he w'as otherwise normal, and suitable foi this study Forty-eight 
hours after the bubo had been aspirated, a course of sulfanilamide therapy w'as insti- 
tuted One ounce of castor oil, follow'ed by a colonic irrigation, w^as given one da) 
before this study w'as begun Two suppositories, each containing 05 Gm of sulfanila- 
mide, w'ere administered evei)"^ four hours, day and night After the administration of 
7 Gm of sulfanilamide, the concentration of the blood w^as i mg free and i mg con- 
jugated sulfanilamide per 100 cc , after 13 Gm had been given, the concentration of 
the blood w'as 2 5 mg free per 100 cc , none of the conjugated sulfanilamide w^as pres- 
ent (some of the medication w'as expelled on two occasions) , after 19 Gm of sulfanila- 
mide had been given, 4 mg free and 2 mg conjugated sulfanilamide were found m each 
100 cc of blood, and after a total of 25 Gm of sulfanilamide had been administered, 
the concentration of the blood w'as 6 mg free and 2 mg conjugated sulfanilamide pei 
100 cc of blood Blood, drawm 12 hours after cessation of theiapj, and eight hours 
following a colonic irrigation, show'ed 3 mg free sulfanilamide per 100 cc Tw'enty-foui 
hours later, i mg free sulfanilamide w'as found Traces of sulfanilamide w^ere noted 
48 hours after cessation of therapy 

Protocol 3B — After preliminary deteiminations of the blood had shown no CMdence 
of sulfanilamide, H H w'as given 100 cc of a i per cent solution of sulfanilamide lectallv 
ever)’- four hours, day and night After 6 Gm of sulfanilamide had been given, the concen- 
tiation of the blood w'as 6 mg free and i mg conjugated sulfanilamide per 100 cc , aftei 
12 Gm had been administered, 8 mg free and 2 mg conjugated sulfanilamide per 100 cc 
w^ere noted , after the administration of 18 Gm of sulfanilamide, again, 8 mg free and 2 mg 
conjugated sulfanilamide per 100 cc of blood w'ere obtained, and after a total of 24 Gm 

of the drug had been given, the concentration of the blood w'as 3 5 mg free and 4 mg 

conjugated sulfanilamide per 100 cc Blood drawm 24 hours after cessation of therap) 

revealed 4 mg free and i 5 mg conjugated sulfanilamide per 100 cc After 48 hours, 

the concentration m the blood w^as i 5 mg free and i mg conjugated sulfanilamide 

Comment — Higher concenti ations of sulfanilamide in the blood iveie 
noted in this expenment than in Piotocol 3 A, proving that gieatei ahsoiption 
of sulfanilamide occuis A\hen the diug is admimsteied in solution than in 
suppositoi} foim 

Protocol 4 — E W wdiite, female, age 28, had had chronic ulcerative colitis for 
four years On March 11, 1939, she w^as sent to the Brookljn Hospital wntli signs of 
hemoperitoneum At operation, a ruptured corpus luteum m the left ovary wnth massive 
hemorrhage m the peritoneal cavity was found After two blood transfusions of 500 
cc each, the hemoglobin value was 80 per cent (Sahh) On the twelfth postoperative 
day she was considered suitable for the studj of absorption of sulfanilamide from the 
laige intestine Two suppositories each containing 05 Gm of sulfanilamide, were given 
e\er3 four hours, daj and night After the administration of 6 Gm of sulfanilamide, 
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the conccntiation of the blood was 3 mg free and i mg conjugated sulfanilamide per 
100 cc , aftei the administration of 12 Gm , the concentration of the blood was 4 mg 
free and 2 mg conjugated, after 18 Gm of sulfanilamide had been given, the concen- 
tration of the blood was 7 mg free and 2 mg conjugated, and after a total of 24 Gm 
of sulfanilamide was given, the concentration of the blood was 6 mg free and i mg 
conjugated sulfanilamide per 100 cc Ihe blood concentration 24 hours after cessation 
of sulfanilamide therapy was 3 5 mg free and 15 mg conjugated sulfanilamide per 100 
cc After 48 hours, the concentiation of the blood was i mg free and 15 mg conju- 
gated sulfanilamide per 100 cc 

Comment — Cyanosis and nausea weie obseived This is the fiist instance 
of nausea seen in our studies of ahsoiption of sulfanilamide fioin either the 
normal 01 diseased laige howel 

Pioctosigmoidoscopic studies following the lectal administration of sul- 
fanilamide showed no changes m the normal mucosa of the rectum 01 colon 

SUMMARY AND CONCLUSIONS 

(1) Evidence is presented to show that sulfanilamide is ahsoihed fiom 
the lectum and colon when given eithei in solutions 01 in suppositoiies 

(2) Higher concentrations of sulfanilamide weie noted in the Wood, hence 
gi eater ahsoiption, following the rectal administiation of sulfanilamide in 
solution 

(3) The lectal route of administiation of sulfanilamide is lecommended 
whenever the oral loute cannot be utilized The same total dosage may be 
employed for the lectal as foi the 01 al administiation 

The sulfanilamide used m these experiments was supplied by the Medical Research 
Department, Winthrop Chemical Companj 
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STRUMA LYMPHOMATOSA (HASHIMOTO) 


REPORT OF TWO CASES 

J E Kearns, Jr , M D 

Evanston, III 

The following patients with “struma lymphomatosa” (Hashimoto) 
weie seen at the Endociine Climes of the Evanston Hospital and North- 
western Univeisity Opeiations were perfoimed on the sei vices of Doctors 
Koch and Mason at Passavant Memorial Hospital and Doctor Chiistopher at 
Evanston Hospital One patient is a female in the third decade of life, and 
is of mteiest because of her age The other, a male, almost m his seventieth 
year, is of extreme interest because neail}^ lOO pei cent of lepoited, veiified 
lesions occui m ^^omen 

The pioblem of so-called “chronic nonspecific thyioichtis’’ is still veiy 
confusing Clinically, it seems to have little oi no relation to definite previous 
acute inflammatoiy lesions It seems best foi the present to consider it of at 
least three types Riedel’s, oi fibrous , Hashimoto’s, or lymphoid , and a mix- 
tuie of these two, oi lesions which will fit neither of the above but still show 
evidence of a chionic process Some authois doubt the existence of these 
as actual types and feel that they aie but various stages in the same disease 
It is not within the scope of this paper to entei this aigument Howevei, we 
feel theie aie both clinical and histologic diflferences sufficient to separate 
Riedel’s^ and Hashimoto’s- types This is tiue if one will follow the oiigmal, 
definite descriptions of the lesions b)' the authois The leader is leferred to 
the excellent repoits by Ewing,^ Giaham,'* Giaham and McCullaugh,’" Heitz- 
ler,® Lee,'^ McChntock and Wright,® and Means® foi fuither discussion 

CASE reports 

Case I — M B , female, age 28, married, was born in Wisconsin She complained of 
ner\ousness, weakness, some palpitation and tachjcardia, noticed mostl}’’ at night She 
had had se\ere frontal headaches, two a daj, for the past two months The inventor j by 
sj stems was essentially negative She had jaundice when a child There was no history 
of recent weight loss Menarche at age 17 Menses are regular 28-day type with no 
pain and of fi\e days’ duration There vas one pregnancy with child, living and well, ten 
months old No significant family history The physical findings were Blood pressure 
116/70, pulse 80 The ey^es were negative except that the right pupil appeared larger (’) 
than the left There v as a questionable tremor of the hands, and some dental caries The 
heart, lungs, abdomen, and extremities were negatn e The thyroid was palpable and firm 
Laboratory studies shoved Whole blood cholesterol 163 mg , basal metabolic rates 
se\eral were about plus 20, vith pulse 96 to 88 Wassermann and Kahn, urine, etc. 
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were negative Blood counts were Hemoglobin 72 per cent, red blood cells 4,280,000, 
white blood cells 5,700, and the electrocardiogram showed normal rate and rh>thm Ro- 
entgenologic examination of the chest was normal The patient was hospitalized before 
operation and showed no response to Lugol’s At operation the gland was firm, fibrous 
and adherent The weight of tissue removed was 24 Gm (Fig 2) She was discharged 
from the hospital on the ninth postoperative day One jear following operation, this 
patient is showing symptoms of hypometabohsm, but still has a great deal of sjmpathi- 
contonia 

Case 2 —A M , male, age 65, a native of Persia He complained of a mass in the 
neck with a feeling of tightness (past jear), pain in back and shoulder (four months), 
loss of weight (12 lbs in six years), more irritable and nervous (four months), pain in 
left leg (five years), difficultj on urinating (intermittently last four months), constipa- 
tion (years), pain in chest (four to five years), dizziness (past year), cough (six months) 
Inventory by systems was essentially negative except as above The phj sical examination 
showed Pulse 68, respiration 20, blood pressure 144/84 There was a slight cyanotic 
tinge to the face with dilatation of veins over upper chest and neck Dental caries present 
The thyroid was enlarged bilaterally and firm The heart, lungs, and extremities were 
negative The abdomen was normal, except that the liver was slightly enlarged The 
patient had no th3roid enlargement while living m Persia He has been a resident of 
Chicago for 29 years and the goiter developed while here The clinical impression was 
that in view of recent growth, symptoms, etc, the thrroid should be removed imme- 
diately Laborator} examination showed Kahn negatne, blood cholesterol 232 mg , 
blood count, hemoglobin 80 per cent, red blood cells 4,740,000, white blood cells 8,850 
The urine w'as negative Se\eral basal metabolic tests were between minus 10 and minus 
IS Roentgenologic examination revealed no compression or displacement of the trachea 
However, when barium was given bj mouth it was seen fluoroscopicallj to pass, at all 
times, more to the right than to the left, as though there was some extrinsic mass causing 
pressure on the left side of the hjpopharj'iix and uppei esophagus Examination of the 
neck showed slight constriction of the trachea at the point of entr\ into tlie thoracic 
cavity Of interest are tw'o ‘ basal rates” taken after admission to the hospital Thev 
were a plus 86 and plus 88 on different dajs and show the error possible w'lth this test 
Follow'ing operation there has been progressive hj pothyroidism wdiicli w’as apparent before 
treatment and is being controlled w'lth desiccated thyroid (Fig 2) 

In general, the pathologic examination of these tw'o glands is similar The> are 
those of a hard gland with bilateral enlargement The cut surface has a slightlj granular, 
graiish-w'hite appearance, mottled by darker areas and lobulated by bands of w'hite con- 
nective tissue The microscopic findings show' intense infiltration of the interacinal spaces 
with Ij'mphocj'tes and the presence of Ijmphoid follicles, many of them w'hich have germ- 
inal centers This infiltration maj be so great that the acini are entirely obliterated The 
acinal cells in some areas are large and appear “foamj ” There is an absence of colloid 
According to Hertzler,® the “foamy” appearance and the clumping of the acinal cells are 
a constant feature of this lesion and are sufficient alone to distinguish it from the other 
tvpes There are areas of apparent hyperplasia in the glands, probablj of a compensatory 
nature The connective tissue is usually swollen, poorlj stained, and the cells have few' 
nuclei differing from that seen in the Riedel tjpe which forms heavy keloid-like bundles 

Both specimens have been studied by Dr Allen Graham of Cleveland, w’hose im- 
pressions in brief are as follow's In Case i, the gland is suggestive of an “early” lesion 
similar to that described by Hashimoto, and in Case 2, the gland is typical for lesions 
described bv Hashimoto 

Summary — ^Two patients with struma lymphomatosa (Hashimoto) are 
reported, one pi esent m a male and the othei in a young woman 

We wish to thank Doctors Koch, Mason and Christopher for the privilege extended 
in reporting these cases, and Dr Allen Graham for his help and advice 
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Iblnton, N J 

I iioM Tiir DU \nTMi NT or sunrmiL of Tiic uM\rnsm oi Miciii&fN \n\ Miiioii aiicii 

Recent opportunities to cate foi seveial patients with bilateial and 
bilocular einpyemata have stimulated our inteiest m these complicated foims 
of tboiacic empyema In order to aiiive at salisfactoiy conclusions legard- 
mg then incidence and tieatment, we have leviewed the cases of empyema at 
the Umveisity of Michigan Hospital fiom January, 1925, until August, 1938 
Dm mg this peiiod, 418 patients suffeiing with thoracic empyema due to 
P3^ogenic organisms occuirmg following lespiiatoiy infections, w^eie admitted 
to the vaiious sei vices of the hospital These cases do not include those with 
puie 01 secondaiily infected tuheiculous emp3'ema, those m wdiich empyema 
follow^ed thoracic operations such as pulmonaiy lobectomy, those secondai3’' to 
esophageal perfoiation, those following spontaneous peifoiation of a pul- 
monaiy abscess into the pleuial cavity, 01 contamination of the pleuia subse- 
cpient to surgical diainage of a pulmonar3' abscess, and those sccondaiy to 
subdiaphi agmatic abscess 

Of the 418 patients, 187 weic classified as liaving chionic emp3'ema of 
fiom seveial w^eeks’ to yeais’ duiation at tlie time of admission Many of 
these patients had had suigical 01 medical caie elsewdieie, then management at 
the Univeisit3 Hospital langed fiom simple dilatation of a conti acted chain- 
age tiack to an extensive Schede thoiacopIast3' The opeiatne mortalit3'^ rate 
111 this group w'as i 16 pei cent, onl3' twm patients having died wdiile in the 
hospital 

Duiing the 3eais coveied by this stud3^ seveial methods of tieatment w^ere 
employed in the caie of the 231 patients having acute emp3'ema All have 
been based, howevei, upon the w ell-undei stood piinciples of avoiding the 
establishment of an open iinenmothorax until the lung has become fixed 113’- 
pleural adhesions and of instituting eaily dependent diainage Thiit3'-one of 
these iiatients died, giving a 11101 tality late of 124 pei cent 

BILATERAL EMPYEMA 

In Table I aie piesented the 12 cases of bilateral emp3'ema occuiiing dur- 
ing the period of the study, an incidence of 29 ^lei cent Of these, three 
(Cases 2, 6 and 12) may be classified as chionic, while nine w^eie acute at the 
time of admission Foui patients did not leceive tieatment, emp3^ema not 

Submitted for publication AlaN 24 1939 
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having been diagnosed until postmortem examination, Cases i and 3 died 
aftei biief illnesses with bilateral lobular pneumonia, Case 4 is that of a 
piematuie infant dying of malnutrition and pneumonia, with very small 
amounts of pus in both pleural cavities, Case 10 was admitted with a tenta- 
tive diagnosis of bilateial lobulai pneumonia and uas apparently recovering 
until a sudden change in his condition occuried two days befoie his death, 
the postmoitem examination demonstrated bronchiectasis, bronduectatic ab- 
scesses, and bilateral empyema 

Of the eight treated patients with bilateial empyema, one was cured by 
bilateral aspiration Three patients weie treated with aspiration alone on one 
side and with open drainage, following aspiration, on the contralateral side 
Aspiration followed by bilateral drainage was employed for one patient, three 
weeks intei veiling betueen the diainage opeiations Prolonged aspiration 
was deemed unnecessary for Case 12 in view^ of its chronic nature, the tw^o 
sides w^ere drained two days apart following diagnostic taps The one patient 
who died w'as an 18 month old child, admitted wnth bilateral empyemata of 
four months’ duration, and in extiemely poor geneial condition Following 
aspiration foi twm days, in oidei to dimmish the amount of thick pus in the 
hemithoraces, both sides w'eie drained by an efficient an -tight technic at one 
operation , the child died foui days latei of advanced malnutrition m spite 
of transfusions and other efforts to improve his condition Case 6 presented 
an interesting condition , on admission, a right-sided empyema w^as present, 
while on the left side there was an appaiently uninfected pneumothoiax wnth 
multiple bionchopleural fistulae, wdiich had developed following diainage of a 
left-sided empyema elsewheie, the drainage tract w'as healed Cure of the 
right-sided empyema follow^ed drainage, after complete healing of the right- 
sided empyema a left thoiacotomy w'as performed wath suture of the fistulae 
and air-tight closure of the thoracic W'all wathout diainage, the left lung 
slowdy leexpaiided and complete lecoveiy ensued 

The operative mortality in the eight treated cases was 12 5 per cent This 
is a lower peicentage than w^e have been able to find in any other group com- 
prising more than one or tw^o cases leported in the literatuie, with one 
exception The moitality rate of treated bilateral empyema is almost exactly 
that of the entire group of acute empyema cases in the University Hospital 
In reviewung the methods of treatment employed in our cases, it is noticeable 
that for acute empyemata aspiiation w'as persisted in for a much longer period 
than the average tune Furthermore, of the 16 empyemata in eight patients, 
five were cured by aspiiation alone, this is a proportionately greater numbei 
than in the unilateral group In no case, it should be noted, did cardiac or 
lespiratory symptoms follow open drainage wuth the institution of efficient 
ail -tight drainage 


ILLUSTHATIVE CASE EEPORT 

Case Report — Bilateral Empyema R L (Case 12 , Table I, Figs i to 4), male, age 
33, W’as admitted to the Universit3 Hospital, July 8, 1938 Eight weeks preiiously he 
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had developed bilateral enipjema secondaiy to lobular pneumonia, his physician had 
performed numeious thoiacenteses After four weeks, persistent cough became pro- 
ductive of laige amounts of purulent sputum On admission, the patient was febiile 
and quite debilitated , his sputum was purulent and moderate in amount Physical ex- 
amination and roentgenologic studies demonstrated pleural effusions m both hemithoraces 
posteriorly , the presence of a definite fluid level on the left side, and the purulent sputum 
suggested the piesence of a bronchopleural fistula Bilateral thoracenteses demonstrated 
pus, in which cocci weie found on smear, and from which Tvpe I pneumococci ivere 
cultured 



i 

■/ 


Fig I — Case 12, Table I Postero anterior roentgenogram demonstrating bilateral pleural 

effusion with fluid leiel on left side 

Because of the probable left-sided bronchopleural fistula, the left empyema w'as 
drained first on the day of admission Closed, dependent drainage was instituted fol- 
lowing the resection of a portion of the eighth rib in tbe midscapular line, under local 
anesthesia On July 10, two days later, the empyema on the right side tvas dependency 
drained, with the resection of a portion of the ninth rib m the midscapular line, closed 
drainage w'as established Since both tubes had necessarily been placed m the posterior 
portion of the chest, drainage w^as cut off by the patient lying on his back Closed 
drainage was, therefore, abandoned, and the tubes w'ere cut off just external to the skin 
This W'as safe in view' of the chronicity of the empyemata and the probable fixation of 
the lungs and mediastinum The patient made an uneventful recovery with complete 
obliteration of the empyemata 


429 



EHLER AND SOMMER, Jk 


AnmUof Surf,er\ 
September 1940 


In 1903, liellin^ collected the lepoits of 114 cases of bilateial empyema 
The moitahty rate was 30 l pei cent, which he considered too low to be lepre- 
sentative in view of the tendency to communicate only with successfully 
tieated single and senes of cases He estimated that bilateral pleural involve- 
ment occuis in 77 pei cent of all emp)femata Keyes- found 38 cases in the 



Tig 2 — Cise 12 Table I Right latcial roentgenognm demonstrating that both enlp^ennta 
lie posteriori} The left enip}eim with fluid le\el is obscured b\ the right 


hteratuie fiom 1910 to 1930, and added thiee treated at the Ne^^ Yoik Hos- 
pital Dming the exceptionally giave influenza epidemics of 1917-1918, 
Stevens^ noted that 29 64 pei cent of patients with bilatei al pneumonia also 
suffeied with empyema , in 40 pei cent the pleuial disease was unilateial and in 
60 pel cent bilateial Unilateial St) eptococius empyema lesulted in a moitality 
late of 422 pel cent and bilateial of 89 i pei cent, bilateial pneumococcus 
lobai pneumonia lesulted in a moitality late of 21 6 pei cent when associated 
with unilateral empyema, and of 783 pei cent with bilateial empyema, the 
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bilateial Staphylococcus pneumonia-emp3^ema was almost invaiiably fatal 
Dunhairt^ lepoited 536 autopsies of patients dying of empyema dining the 
1917-1918 epidemics, of this gioup, 245, 01 457 per cent, bad bilateial 
empyema IMaes, Veal and McFetiidge"’ found, however, only one instance of 



Fig 3 — Case 12 Table I Postero anterior roentgenogram taken 31 clajs following drainage of 
the empjema on the left side, and 29 da>s after the drainage of that on the right side, iodized oil 
has been injected into the sinuses 


bilateial involvement among loo fatal cases of empyema at the Chanty Hos- 
pital of Louisiana 

We have endeavoied to determine the incidence of bilateial empyema by 
gatbeimg statistics fiom a numbei of ai tides on empyema published since 
1921 Reports of single oi seveial isolated cases have been disregaided since 
they do not furnish lehable information wuth legard to incidence 
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The ai tides by Ladd and Cutlei,® Blown/ Farr and Levine,® Ravnitsky 
and Bogin,'’ Ochsnei and Gage,^® Keyes, “ Locke,^’^ Bauei,’^- Cohen,^® Rentsch- 
lei,^’ Steinke,^'’ Hailoe,^® Bohier,^' Michalowicz,^® Steinke,^” Burpee,-® 
Uttei,-’ and Schmidt-- leport 5,664 cases of empyema, of which loi were 
bilateial, an incidence of i 8 pei cent The articles by Beye,-® Peck and 
Cave,®'’ Rienhoff and Davison,®** Foster,®** Hudson,®” Muller,®® Jamin,®® 
Danna,®® Giaham and Beick,®’ Biann,®® Kalges,®® McEachern,®'’ Carlson and 



Pig 4 — Case 12 Table I Photograph of the patient shouing the drainage sites 


Bowels,®® Tanner,®® Mason, Penbeithy and Benson,®® and Niemeiei®® list 
an additional 2,155 cases in seiies not containing any bilateral case The inci- 
dence of bilateral empyema in the entire gioup of 7,819 cases is i 3 pei cent 
The results of tieatment in the laige gioups of patients with bilateral 
empyema aie inteiesting Ochsnei and Gage®® leported five cases without a 
death, but did not mention the exact mode of tieatment Seven of Locke’s®® 
II patients with bilateral emp3^ema died, two of Hailoe’s®® eight, one of Boh- 
rei’s®® six, 25 of Michalowicz’s®® 28, and all of Stemke’s®® ii Aside from 
the results of Ochsner and Gage,®® the best results published prioi to oui 
senes aie those of Bohiei,®® with a moitality late of 17 per cent, and of 
Hailoe,®® with 25 per cent These authors tieated their bilateral cases wuth 
closed intercostal diainage Bohrei®'* peifoimed the bilateral operations one 
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or two days apait, while Harloe^** drained both sides at the same opeiation, 
similai drainage was used for their unilateial cases 

BILOCULAR EMPYEMA 

Among the 418 patients with empyema were 13 with bilocular pockets in 
the same pleural cavity giving an incidence of 3 i per cent Of the 13 cases, 
one was admitted following drainage elsewhere, one developed in the hos- 
pital, one was of three weeks’ duration on admission, one of one month’s. 






Fig 5 — Case 12, Table II Postero anterior roentgenogram, taken on admission to hospital, 

demonstrating the right plural effusion 

three of six weeks’, five of four months’, and one of 14 months’ , it should be 
noted that only three may be considered eaily cases In two cases (Cases 3 
and ii), the pockets were widely separated at the base and apex, and the 
diagnosis was made preopei atively In Case 9, which was admitted with a 
draining A\ound, the diagnosis of an undrained pocket was apparent before 
the second operation In three cases (Cases 4, 5 and 6), the bilocular condi- 
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tion was discoveied at the time of opeiation, when both pockets were drained, 
in Case 6, pievious closed intei costal diainage had been instituted one month 
prior to open opeiation, with iih lesection In the remaining seven cases, 
the diagnosis of a second, undiamed pocket was made fiom five days to tinee 
months following initial opeiation In onl)'’ five cases, including the three m 
which the diagnosis was made during the couise of opeiation, was it possible 



Fig 6 — Case 12 Table II Ritht lateral roentgenof,rani taken following aspira 
tion of pus and injection of air before transfei to the Ihoracic Sertice Anteiior 
and posterior fluid let els are clearlj tisible 


to institute double drainage tin ough a single opei ative w'ound , m the i emam- 
ing eight cases two incisions wei e needed 

Only two patients died The cause of death in Case 9 w^as multiple 
actinomycotic liver abscesses, the patient dying after closuie of the empyema, 
which was piobably caused by the same organism Case 6 died of osteo- 
myelitis of the ilium, which developed wdiile his empyema w^as diaimng, the 
osteomyelitis piobably being metastatic, it is possible that earlier lecognition 
and drainage of the second empyema pocket might have eftected an earlier 
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cuie of the empyema and prevented the metastatic infection Tlie mortality 
rate foi the series of 13 cases of biloculai empyema is 15 per cent, if the 
patient who died of hepatic actinomycosis is eliminated, the rate is 8 3 per cent 
The only instance of an empyema with moie than two sepal ate pockets 
tieated at the Univeisity Hospital occurred in a male, age 23, who was ad- 



Fig 7 — Case 12, Table II Right lateral roentgenogram taken 45 dajs follow 
ing drainage of the posterior pocket and 37 dajs following the anterior, iodized 
oil has been injected into the sinuses 


mitted with a subphrenic abscess which was later drained Three distinct 
empyema pockets were drained, as recognized, with separate iib resections, 
before the patient was dischaiged, apparently well Various organisms of the 
pyogenic group were cultured, as well as Actinomyces 

ILLUSTRATIVE CASE REPORT 

Case Report — Biloculai Empj'ema E K (Case 12, Table II, Figs 5 to 8), female, 
age 16, was admitted, Januarj 4 , 1938 A diagnosis of postpneumonic empyema had been 
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made ten days previously Physical examination and roentgenologic studies demonstrated 
a large effusion in the right chest Daily thoracenteses were performed for five days, 
with replacement of air on several occasions, Type V pneumococcus was cultured from 
the aspirated pus 

After transfer to the Section of Thoracic Surgery on January lo, a portion of the 
tenth rib was resected with the institution of closed air-tight drainage The surgeon 
believed that all the empyema pus had been drained The patient’s temperature remained 
elevated, however, and a comparison of the preoperative and postoperative roentgeno- 
grams disclosed an anterior undrained pocket, which was especially well demonstrated 
m the lateral view On Januaiy i8, a segment of the fifth rib was removed through a 
submammary incision with the removal of i8o cc of pus from the pocket , closed drainage 
was employed Both pockets became completely obliterated 



Fig 8 —Case 12, Table II Photograph of the patient showing the 

drainage sites 


Van Alleii'^® treated one patient with three empyema pockets in one pleural 
cavity, which arose, he believed, from separate bronchopneumonic foci , they 
were drained by separate incisions made as each pocket was discovered dui ing 
a 15-day period Lilienthal^^ drained five separate pockets at one operation, 
three distinct organisms were cultured Mason^’^ reported the drainage of 
three pockets through two incisions Of 351 cases of acute empyema leported 
by Harloe,^*^ 2 27 pei cent were multilocular Danna,^” in treating 75 cases 
of acute empyema with aspnation and air replacement, found thiee with 
multiple loculations, one of which had three pockets in the same pleural cavity 

summary and conclusions 

In a large collected group of empyema cases, the incidence of bilateral 
empyema was i 3 per cent , in our own series of 418 cases, it was 2 9 per cent 
The opeiative moitality in eight tieated cases was 12 5 per cent, which is 
almost identical with that of acute empyema in the same hospital The good 
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lesults obtained fiom tiealment resulted, we believe, fiom the meticulous care 
taken m these cases to obseive the piopei principles of theiapy 

Loculation of pus in two places in the same pleuial cavity occtiiied in 13 
of oui patients, an incidence of 3 i pei cent Loculation occuiied chiefly in 
chiomc empyema Recognition of multiple loculation depends upon caieful 
stud)'^ of pieopeiative and postopeiativ'C posteio-anteiioi and lateral 01 oblicpie 
loentgenogiams whenevei the condition is suspected from clinical and physical 
findings The foci should be diained as the)' aie lecogm/ed, eithei thiough 
the oiiginal 01 supplemental y incisions 
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Emil Grankt, M D 
New Yokk, N Y 

I noM Till smicicKi si inicr, \th\\ kosiitai, statin islwd, n \ 

Sixty years ago, legai cling opeiation in this condition, Allingham^ 
wrote “I should sa}*- from my experience, if you have a phthisical patient 
suffeiing fiom a fistula which gives him much pain or inconvenience, by 
taking ceitain piecautions you may relieve him of it without lunning any risk 
of damaging him ” In lecent 3'eais excellent results have been reported 
following ladical excision of peiianal infections 111 patients with active pul- 
monaiy tuberculosis Mai tin,- at the Chicago Municipal Sanatorium, re- 
potted 87 pei cent cures m 75 cases, Ben}^'* at Bellevue Hospital, had 72 
per cent cuies in 18 cases, and Chisholm/ in Denvei, cured 98 per cent of 
71 patients 

Unfortunately, howevei, the eiioneous and outmoded concept that peri- 
anal tubeiculous infections should be tieated conservatively has survived 
The belief is widely held that these conditions in patients with pulmonaiy 
tubei ctilosis, when operated upon, ai e apt to 1 ecur , that the lung disease may 
be reactivated or made woise This conseivative attitude is deeply intrenched 
in the minds of internists as shown by answeis of 28 Coloiado phthisiologists 
to a questionnaire as to opeiative tieatment of perianal infections in tubei cu- 
lous patients (Table I) 


Table I 


PERIANAL INEECTIONS IN PATIENTS WITH PULMONARY TUBERCULOSIS 


All More Than 70 Per Cent Positive Biopsy for Tuberculosis 


Name of Author 
Martin- (Chicago) 
Berry^ (Bellevue, NY) 
Chisholm-' (Denver) 


No of Cases Cures 

75 71 (87%) 

18 14 (72%) 

71 70 (98%) 


DO 1 OU RECOMMEND OPERATION? 

Chisholm’s* Queshonnaire to 2S Colorado 
Physicians 

Yes 2 

No 22 

Selected Cases 4 


My interest 111 this problem was stimulated some yeai s ago by the appai ent 
disinteiest in the management of peiianal infections occuiiing in tubeiculous 
patients in one of our large municipal hospitals Surgeiy consisted in con- 
seivatively incising abscesses and merely opening fistnlae, with the lesult 
that few patients were cuied or definitely improved Patients with wide-, 

Submitted for publication May 16, 1939 
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spread peiianal abscesses and multiple fistulae weie consideied mopeiable, 
with the lesult that they continued a iniseiahle existence, many of them 
veritably lying m a bed of tubeiculous pus Noxious effects lesulting from 
the presence of pus m these patients were manifested by systemic leactions 
such as fevei, anoiexia, weight loss and amyloidosis Pam depended upon 
the seventy of the mflammatoiy leaction and anatomic distiihution of the 
lesions 

The despondence of these patients was graphically desciibed by Allnig- 
ham^ as follows “There is a ciicumstance which occasions me sometimes to 
mteifere in a case of fistula m phthisical patients, and that is, the mental 
depression which the rectal affection cieates Fiequently the sufferer thinks 
much more about his fistula than he does about what he calls 'his little cough,’ 
and IS quite dismayed and hi ought to despan when you tell him that you 
cannot do anything to cure him I am certain that few things conduce moie 
to the rapid progress of phthisis than mental anxiety and loss of hope ” 

A Proctologic Service was instituted at the Sea View Hospital foi 
Tuberculosis m 1935, pnmaiily to study methods of management of these 
extensive peiianal tubeiculous lesions Table II demonstrates that many 
active perianal infections were present 111 patients at Sea View, and that 
individuals so afflicted readily accept suigery when ofifeied a chance for 
cure 


Table II 

OPERATIONS rOR PERIANAL INFECTIONS AT SEA VIEW HOSPITAL 


Abscesses, FtsHlae or Both 

1928 through 1931 I 

1932 through 1934 14 

Proclologtcal Service InsMuted April, ig^S 

1935 H 

1936 23 

1937 25 

1938 29 


Perianal infections are frequent 111 patients with pulmonaiy tuheiculosis 
Walsh reported perianal abscesses or fistulae found at autopsy m 9 per cent 
of a series of patients dead of phthisis Frequency of perianal infections 
complicating pulmonary tuberculosis varied fiom 5 per cent, lepoited by 
Chisholm, of Denvei, to ii 7 per cent reported by Alaimo,^ of Biooklyn, 
in a carefully studied gioup of 357 tubeiculous patients at the Kingston 
Avenue Hospital 

In the general nontuberculous population, anoiectal infections occur m 
05 to 06 per cent (Table III) From these statistics, it is reasonable to 
conclude that tuberculous perianal lesions piobably originate, m most in- 
stances, through contact infection vith tubercle bacilli m the stools of phthisic 
patients The mechanism of infection, I believe, depends on the clinical type 
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of peiianal lesion picsent Commonly seen aie Penanal abscess (A) dis- 
ci ete — ciicumsci ibcd , (B) seipigmous — subcutaneous Fistula or sinus Tu- 
beiculous anal fissuie oi ulcei Lupus of the anus Tubeiculid 

Tabi l III 

INCIRENCE Of CIIROMC PEKIANAI IM VCTIOh 
Stiluses, I'tslulae, Abscesses 
Pulmonary 'i ubeirulosis IIospilaLs 


Martin, = 

Chicago Municipal Sanatorium 

7 0 % 

Chibholm, 

' Denver, Jewish National San 

S 0 % 

Marino,*' 

Biooklyn, Kingston Avenue 

117% 


General Hospitals 


Leslie,** 

Vancouver General Hospital 

0 52% 

I eslic,'* 

Massachusetts Geneial 

0 6 % 

iMarino,- 

Brooklyn Hospital 

0 6 % 


Patholoqv — Acute, disci ete abscess piobably staits as a pyogenic ciyptitis 
at the level of the anoiectal line Edema of the adjacent papilla seals the 
anal opening of the ciypt and so pi events drainage into the lectum Inflain- 
matoiy exudate bmiows tbiough the sphmctci muscles and penanal fat 
to point eventually as a penanal abscess It is likely that because of then 
acute onset, most lesions of this t3'pe aie pnmaiil} pyogenic m origin Many 
of them aie secondanly infected with tubeicle bacilli, thereby becoming con- 
tact infections aftei the abscess luptuies spontaneously oi is inadequately 
di allied by incTsion 

Seipigmous subcutaneous abscesses \ieie moie common in oui senes The 
lesion chaiactenstically appeals as a wulespiead chionic subcutaneous in- 
duration consisting laigely of tubeiculous gianulation tissue with little pus, 
the ovei lying edematous skin coloied a In id dusky led Pathogenesis in 
these cases consists of a diiect spiead of contiguous tubeicles along the pen- 
anal lymphatic network, lecently demonstiated by NesseliocM’ This Ijnn- 
phatic netwoik completel}^ cucumsenbes the anus to empty into collecting 
vessels lunning towaid the inguinal nodes Tubercle bacilli fiom swallowed 
sputum entei the lymphatics thiough a bieak in the epithelium of the anal 
canal The infection spieads along the penanal lymphatic netwoik, often 
extending towaid the gioin along the couise of the collecting lymphatics 
(Fig i) In oui senes all patients with seipigmous subcutaneous lesions 
had positive biopsies foi tubeiculous gianulation tissue 

Penanal fistulae occuinng in tubeiculous patients usually lesult fiom 
previous abscesses They have at least one external opening on the skin 
as well as an internal onfice leading into the lectum oi anus Sinuses simi- 
larly lesult fiom abscesses but diffei from fistulae m having but one onfice, 
either internal leading into the gut, oi external opening thiough the skin 
Even m tulieiculous individuals these tiacts are occasionally pjmgenic, pio- 
viding, however, that the original abscess was nontubeiculous A simple 
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pyogenic fistula oi sinus may become tubeiculous by contamination following 
piolonged contact with tubeicle-laden feces A tubeiculous fistula, chaiac- 
teiistically, is seen as an iiiegulaily seiiated oiifice, widely patulous, sur- 
lounded by edematous, inflamed, undei mined skin of a livid coloi (Fig 2) 




Fig I — Injection of jieuanal Ijnipliatics of the ami maigin (.Left) Peiianal and gluteal 
Ijmphatics (posterior view) of a male, white fetus at term Injections made along the anal 
margin and in the skin over the gluteal region, using mercury (n) Anus (b) Network of the 
peiianal skin (c) Plexus of the skin over the gluteal region (d) Anastomotic \essels (c) 
Collecting \essels (/) Collecting \essels from the supenoi gluteal region jiassing to the gioin 
t a) Scrotum (Right) Penile and perianal hmphatics viewed fiom below in the same specimen 
as that represented in Figure i left Injections m ide in the skin of the shaft, using mercur> 

(a) Network of the skin of the shaft of the penis (h b) Collecting \essels from the network of 
the shaft (c c) Collecting \essels from the peiianal netwoik (d) Network of the perianal skin 
(c) Anus (Nesselrod, J P Annals of Surgcix, 104 , 908, Fig i, Novembei, 1936 ) 

Chionic anal fissures in tuberculous patients with positive sputa fiequently 
become contaminated with tubeicle bacilli and become tubeiculous ulceis 
Clinically they appeal as anal ulceis, the edges of which aie elevated and in- 
duiated with dark, violaceous, inflamed epithelial tissue (Fig 3) 



Fig 2 — External opening of a tjpical tuber Fig 3 — Tuberculous infiltration of a chronic and 
culous fistula fissure 


Lupus 01 tubeiculosis of the perianal skin is seen most frequently m ter- 
minal toxic patients m the advanced age gioup Oui cases weie considered 
inopeiable mainly because of extensive destruction of peiianal skin and 
sphinctei muscle Solitaiy tiiberculids aie raie and when occuirmg m the 
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pdiianal legion aie geiieially legaided as metastatic tubercles They should 
he excisedv 

Diogiwus of Peiianal Tubci culosis — Inasmuch as at least 5 per cent of 
patients with pulmonaiy tubeiculosis have peiianal infections as contrasted 
against 05 per cent of the nontuheiculous population (Table III), it follows 
that peiianal infections occui ten times moie fiequently in tuberculous than 
in nontuheiculous people In patients with pulmonary tuberculosis, there- 
foie, it IS icasonahle to expect that most of these perianal infections are 
tuheiculous Then etiology is dependent on the piesence in the feces of 
tuheicle bacilli ongmally swallowed as tuheicle-laden sputum 

In this series, diagnosis of tuheiculous perianal infection was based 
upon the examination of hiospy mateiial obtained at operation showing his- 
topathologic evidence of tuheiculous granulation tissue, ie , typical tubercle 
foimation wuth central neciosis, fibiohlastic capsule, monocytic infiltration 
and giant cells Sweaii}''" points out that failure of histopathologic diagnosis 
m tuheiculous peiianal lesions depends upon the fact that typical changes 
aie piesent only m “live gianulations ” In the taking of specimens, the 
suigeon should attempt removal of areas of tract containing “live granula- 
tions” intact Often the character of the fistula or abscess affords no granu- 
lation tissue Neciosis, overgrowth of secondary pyogenic invaders wuth 
subsequent slough of gianulations and fibiosis all tend to change the patho- 
logic chaiacteiistics of the oiigmal granulation tissue so that even the most 
expeiienced pathologist could not venluie a diagnosis of tuberculosis Sw-eany 
concludes that “with caieful, lepeated, or complete samplings, w'lth seiial 
sections and with caieful stud}', ovei 75 pei cent of fistulae and abscesses 
in tuberculous patients should be found tuheiculous No doubt, all but an 
insignificant minority aie tuheiculous ” 

Recognition of tuberculous peiianal lesions by their gross characteristics 
at opeiation is, in my opinion, extiemely impoitant in attaining even par- 
tial cuie The majoiity of oui patients at the time of operation, had mul- 
tiple lesions These consisted of acute or chionic circumscribed abscesses, 
chionic, diffuse, serpiginous subcutaneous abscesses w'lth fistulae or sinuses 
At the maigms, 01 m the depths ol the lesion, typical tuberculous gianula- 
tion tissue w'as seen This appealed livid, cyanotic and almost violaceous 
m coloi , It was fiiable, and chaiacteiized by absence of fiee bleeding w'hen 
w'lped away In patients w'lth subcutaneous seipigmous infection, the tuber- 
culous gianulation tissue follow'ed the peiianal lymphatic netw'ork, frequently 
extending w'ldely m all diiections 

Anesthesia — Internists have ob)ected to opeiation in this condition because 
of the possibility of leactivatmg the piimaiy disease in the lungs This was 
undoubtedly so pi eviously, when ether w'as employed, w'lth the resultant prob- 
ability of disseminating tubei cle-laden sputum by aspnation into an unin- 
volved lung legioii Local infiltiation anesthesia is contiaindicated, because 
of the possibility of disseminating existing infection with the anesthetic solu- 
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tion Caudal and paiasacial block is the pioceduie of choice on our seivice 
Systemic reactions are minimal, and anesthesia complete The usual technic 
IS employed, namely, 30 cc of a 2 pei cent procaine solution is injected into 
the epidural canal, and 10 cc into the second and thud sacial foiamma on 
each side Loi\ spinal anesthesia was employed m a few patients m whom 
the sacial canal could not be entered Fifty milhgiams of neocame was the 
dose required to insure good anesthesia Piemedication consisted of o 2 
Gm of phenobarbital, two hours befoie operation 



Fig 4 — Extensive serpiginous subcutaneous abscess Mith extension along the 
inguinal Ijnipliatics Three weeks after the third stage, shoiMng bilateral inguinal 
lesions (second stage) almost healed and a bridge of intact skin between the two 
excised abscess ca\ ities 

Tieafineut — The exact pioceduie used m ti eating peiianal tuberculosis, 
of necessity, depends on the individual lesion To cure peiianal tuberculous 
infection, radical excision of the entire pathology is essential Conservative 
surgical measures are futile except in individual patients in the terminal 
stage of pulmonai y tubei culosis The failui e of consei vative incision is shown 
by the fact that 35 pei cent of the patients in our senes had been pieviously 
opeiated upon m othei hospitals, with failure of cuie even aftei seveial 
3’'ears 

As stated, effective operative treatment demands the excision of all peri- 
anal tuberculous tissue Chronic tuberculous lesions tend to extend videly 
around the anus with multiple fistulous tiacts, often with the internal orifice 
proximal to the internal sphinctei muscle In such cases, good surgical judg- 
ment would counsel operation m multiple stages, m ordei to insure gradual 
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leplacemenl of excised tissues with blocks of fibrous scat tissue so as to pie- 
serve suppoit of the pel meal fiooi Any unmvolved skm and subcutaneous 
fat between fistulous oi abscessed aieas must be saved, as these islands of 
noiinal tissue tend to maintain elasticity and minimize distoition due to scai 
contiactuie (Fig 4) 

When the internal opening of the fistulous tiact enteis the rectum 
thiough 01 above the internal sphinctei, opeiation is necessaiily perfoiined 
111 multiple stages The infected peiianal lesion is excised widely down to 
the sphinctei but the tiact leading thiough 01 above the sphmctei muscle is 
left intact A seton m the foiin of hea\w silk tape, is passed thiough the 
leinaming fistula and tied so as to enciicle the sphincter muscles Ihis sim- 
plifies identification of the fistula at the time of the secondaiy levision The 



Tig 5^ — (A) oiind after excision of the chrome circumscribed ab'^cess ^Mth internal ope imp of the 

sinus distil to internal sphincter (B) Healed scar after tight weeks 


primal y wound heals by gianulation, so that eventually a wide, gaping 
perianal wound is replaced by a block of film fibious scai tissue adheient, 
m the anal portion, to the lateial boideis of the sphmctei muscles ^Vhen 
this has occuiied, using the seton as a lead, a giooved diiectoi is passed 
thiough the leinainmg fistulous tiact and piesented externall}'^ fioin the 
anus at right angles to the dnection of the sphmctei muscle fibeis The 
muscle IS divided on the giooved diiectoi, theieby exposing the lemaimng 
fistulous tiact which is then excised, leaving a clean “guttei -shaped” wound 
Wide letraction of the severed ends of the sphmctei muscle is pi evented by 
adhesion of the muscle to the block of scai tissue at the site of the pninaiy 
operation By the use of this two-stage method, sphmctei function is pie- 
served and incontinence pi evented 

When the sphmctei muscle itself is widely involved m the lupus type of 
peiianal infection, opeiation is contraindicated, because extensive excision 
of sphmctei muscle must result in incontinence Fortunatel}’^, these usually 
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occur in toxic, advanced teiminal cases nhose life expectancy is short My 
feeling is that a patient is happiei with a perianal tubeiculous lesion than 
with an incontinent anus 

Acute abscesses are tieated eaily by adequate incision to drain pyogenic 
pus Tubeiculous gianulation tissue is absent in this eaily stage Aftei 
two to thiee weeks, to allow subsidence of acute infection, the resulting 
fistula IS excised 

Chronic, disci ete cn cumsci ibed abscesses in our patients weie usually 
tuberculous Exploratoi y incision 
levealed little oi no pyogenic pus, 
but typical dusky, C3fanotic, fiiable 
tubeiculous gianulation tissue was 
seen compiising the walls of the 
cavity, with necrotic tissue filling 
the lumen The entne lesion was 
widel}'^ excised so that no tubei- 
Lulous gianulations oi fibious ab- 
scess wall lemamed The lesult- 
ant V ound should be “saucei - 
shaped,” the base consisting of 
normal healthy subcutaneous fat 
(Fig 5) The internal opening of 
the communicating fistula is simul- 
taneously excised, m the piimaiy 
stage if It piesents below the inteinal sphmctei , oi, if pioximal to the internal 
sphincter, by seton and secondary operation as described 

The patients that piesented our most difficult therapeutic problems weie 
those with extensive multiple lesions These consisted of widespiead, creep- 
ing or seipigmous subcutaneous abscesses, often multiple, the individual ab- 
scesses connecting with each othei thi ough one oi moi e fistulous ti acts Most 
of the patients operated upon in othei institutions vere of this type They 
came to us with diaining fistulous tracts, which usually communicated with 
serpiginous abscesses Multiple opeiations m successive stages may be neces- 
sary when the lesion is extensive The patient shown in Figure 6 lequired 
SIX stages ovei a peiiod of i8 months to obtain what is now a two-yeai 
cine Planned proceduies in these widespiead, multiple lesions must often be 
altered by findings at operation The laigest aiea of cyanotic, edematous 
skin ovei lying a subcutaneous abscess is incised The abscess is unioofed 
by excising the ovei lying skin, thus aflfordmg ample space for exploration 
The gianulation and fibrous tissue comprising the flooi and lateral walls of 
the abscess aie excised Islands of tuberculous granulation tissue are easily 
distinguished in the wound by then dusky, cyanotic color When explored 
with a piobe these granulations usuall} aie found to compiise the lumen of 
a sinus 01 fistula connecting with an adjacent abscess, oi with an internal or 

447 



Fig 6 — Complete healing of extensive pernnal 
abscess with multiple fistulae Six stages were neces 
sai} over an inteival of i8 months Patient gained 
SO pounds and had no lecurrence in two v ears’ fol 
low up 



EMIL GRANET 


Annals of Siircen 
September 1940 


external fistulous oiifice A giooved duectoi is threaded through the tract, 
which IS exposed by a scalpel incision As just stated, the tract may com- 
municate with anothei abscess The sinus tiact and abscess are, therefore, 
excised, being careful to leave any island of unmvolved skin if possible If 
the lesulting wound pi onuses to be very extensive, completion of operation 
IS defeiied foi six to eight weeks to allow healing of the primary wound, in 
01 del to msuie fibious suppoit of the peimeal floor by formation of a block 
of seal tissue 

Occasionally, tbe sinus is seen to lead cephalad into tbe superior rectal 
space In such a case, piacticahihty counsels consei vatism, inasmuch as exci- 
sion of the entire tiact would entail sacrificing the suppoitmg muscles of the 
lectum and would lesult m a veiy extensive loss of tissue Our procedure 



Tie 7 — ( \) i;\ten<ii\c abscess ^\ldeIJ c\ Tic 7 — (B) End result 

cised sliowniR the distal aperture of the sinus 
evtendinj, into the siipeiior rectal space E\cis 
ion of the tiact unfeasible, treated suhsequentlj 
b> chemical cauterization 

has been to excise the abscess and sinus tiact to the level of the floor of the 
supeiioi lectal space Aftei two or three weeks, when the wound is granu- 
lating well, the lemaimng sinus is packed with silver nitiate stick The eschar 
IS removed m 48 hours Chemical cauteiization, as described, must often be 
lepeated, the desideiatum being the destiuction of the tubeiculous granula- 
tion tissue End-results in these cases aie satisfactory, inasmuch as the abscess 
is eliminated and the tubeiculous sinus converted into a simple granulating 
sinus draining seium instead of tuberculous pus (Fig 7) 

Fistulae often extend fiom the piimaiy abscess, couise deep in the subcu- 
taneous tissue to emeige at a distance in a 1 emote external fistulous opening 
This tract should be widely excised, excision to include overljung skin and 
the external orifice A similar piocedure is used when the internal orifice 
of the fistula emeiges m the anus distal to the internal sphincter The external 
sphincter muscle is incised ovei a giooved dnector passed through the fistula 
at light angles to the dnection of the muscle fibers If the fistula emerges 
above 01 in the mteinal sphincter muscle, the two-stage excision with seton 
is used Multiple combinations of abscesses, external and internal fistulae, 
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are commonly seen (Fig 8) Tuberculous anal ulceis aie treated radically 
Wide excision of the ulcer and adjacent skin is impel ative to pi event exten- 
sion of the lesion Healing takes place by granulation and epithelialization 
Cautery excision of tubeiculous perianal infection is advocated by some 
surgeons Apparent advantages include the sealing of the affei ent lymphatics, 
hemostasis, and complete destruction of tuberculous tissue Despite these ad- 
vantages, the cautery knife and curette weie soon discontinued as a loutine 
on oui service Their disadvantages, m our experience, consisted m the fact 
that isolated foci of tuberculous granulations in the wound were obscured by 
resultant charring Depth of coagulation of tissue was difficult to contiol, 
postoperative slough was extensive and painful, and healing was markedl}- 
delayed 



ABC 


Fig 8 — Patient operated upon for fistula five years ago (A) Present status — residual abscess 
in the left buttock ^\lth three external fistulous orifices and one internal orifice above the internal 
sphincter muscle (B) Extensne excision of the anterior and posterior fistulous tracts and abscess 
Seton shown placed through internal opening above the internal sphincter (C) After excision of the 
seton — almost healed 

We do not employ methylene blue to delimit fistulous tracts, as it was 
found, as shown by Rogers and Hall,® that besides the primary tract, all sur- 
rounding tissues became stained This definitely obscured rather than clari- 
fied the dissection of tuberculous tissue 

Elective anal surgeiy, such as hemorrhoidectomy and excision of simple 
fissure 111 tuberculous patients with positive sputum, presents a pioblem Of 
34 such opei ations performed on our service, contamination of wound occurred 
m two patients Biopsy fiom the wound margins showed tubeiculous granula- 
tion tissue Healing was delayed in four of these cases — one, 20 weeks , two, 
12 weeks, and one, eight weeks Wound contamination with tubercle bacilli 
in these cases was the probable explanation foi delayed healing The possi- 
bility of tuberculous skin infection, unrecognized at the time of operation, is 
suggested, however, by the histologic finding of tubercles in the routine biopsy 
of a hemorrhoid from an uncomplicated case who went on to healing m thi ee 
weeks (Fig 9) 

Postopeiahve Tieatment — Postoperative reaction was surprisingly mod- 
erate considering the fact that large areas of tissue were removed, and 
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that hemouhage was fauly piofuse in patients with advanced tuberculosis 
whose geneial condition was poor Tempeiatuie was slightly elevated for two 
01 thiee days, pain was model ate and easily controlled by sedation 

At completion of the opeiation the wound is packed tightly with lodofoim 
gauze which is lemoved in 48 houis Sitz baths are then instituted twice 
daily, the wound being loosely packed with gauze satin ated with cod liver oil 
Patients aie urged to be ambulatoiy eaily, this, howevei, depending on the 
extent of pulmonaiy involvement Once 01 twice weekly, granulations aie 
swabbed iMth puie phenol and when exubeiant are fiist removed with a sharp 
iitciine cuiette Following this routine, we have had no contamination of 



Tic 9 — Photomicrotrnph showiii,; two tohercles below the skin in t liemorrlioid of i 
intient with positiie >.jiiitiin! Preexf-tins: mirccoj.nij'td pernnal tuberculosis nnj account 
for delved lieabnf; of lienioi rlioidtctoni} wounds in inlients with actire pulniomr) 
tuberculosis 

wounds, and when piimaiy excision has been complete, uounds have healed 
even m patients with maiked pulmonaiy invohement and with high concen- 
tration of bacilli 111 tbe sputum Pinch-giafts weie necessary in one patient, 
in whom epithelialization appealed stationaiy, because of extensive resection 
of skin 

SuMMARV — Table IV gives the lesults obtained in 100 consecutive patients 
opeiated upon between Apiil, 1935, and Septembei, 1939 Consideiing only 
the 68 cases with proved peiianal tubeiculosis (positive biopsy), a numbei of 
significant points legaidmg this clinical entity aie apparent (Table V) 

In 01 del of frequency, multiple lesions, 1 c abscesses plus fistulae, were 
most common, 61 per cent, fistulae alone, 21 per cent, acute 01 chionic 
abscess, 18 pei cent Opeiation was necessaiy in stages in 40 pei cent How- 
evei, a numbei of patients upon whom one opeiation w^as performed on out 
seivice, had been opeiated upon previously in othei institutions, 35 per cent 
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Table IV 

RESULTS IN 100 TUBERCULOUS PATIENTS WITH PERIANAL INFECTIONS 


TREATED BY 

R\DICA.L EXCISION OF 

LESION 


Positu e 

Biopsy for Tuberculosis — 

Negative No Biopsy No of 


68 

18 

14 Cases 

Pathologj'^ 

Abscess 

12 

2 

6 20 

Fistula 

14 

10 

5 29 

Abscess plus fistula 

42 

6 

3 51 

Number of operations 

I operation 

41 

13 

14 68 

2 operations 

19 

4 

23 

3 operations 

4 


4 

4 operations 

3 

I 

4 

6 operations 

I 


I 

Complete healing — in months 

Less than 4 mos 33 

II 

9 53 

Less than 8 mos 

14 

3 

2 19 

Less than 12 mos 

1 


I 

Over 12 mos 

I 


I 

Unhealed — in months 

Discharged 

Less than 4 mos 

4 

2 

6 

Less than 8 mos 

2 


2 

Less than 12 mos 

I 


I 

Died 

Less than 4 mos 

3 

I 

2 6 

Less than 8 mos 

4 


I 5 

Less than 16 mos 

I 


I 

Unhealed Persistent sinus 

4 

I 

5 

Weight 

Gain 

39 

6 

4 49 

Loss 

10 

3 

2 15 

Stationary 

19 

9 

8 36 

Sputum 

Positive 

62 

13 

II 86 

Negatne 

6 

5 

3 14 


Cuie was complete m 49 pei cent m less than foui months Healing occuired 
111 72 pei cent of 68 patients wnth positive biopsy for tubei culosis gi anulation 
tissue Eight patients died and seven w^ere dischaiged from the hospital with 
unhealed w^ounds Of 53 patients wnth positive tubei culosis on biopsy, upon 
wdiom ladical excision w^as pei formed, and who remained under our observa- 
tion in the hospital, 49 (92 pei cent) w^ent on to complete healing Of the 
lemaniing foui, three patients had peisistent sinuses extending into the su- 
peiior rectal space, the other lefused excision of a remaining superficial fistula 
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which was symptomless Weight remained stationary in 19 patients in this 
group, 39 gained weight, and ten lost weight aftei operation Positive sputa 
weie piesent in 91 per cent of this group 


Table V 

END-RESULTS EOLLOWINC RADICAL EXCISION IN 68 PATIENTS WITH 
PERIANAL INPECTIONS — HISTOPATHOLOGICALLY TUBERCULOUS 



No of Cases 

Percentage 

Pathology 




Abscess 

12 


18 

Fistula 

14 


21 

Abscess plus fistula 

42 


61 

Number of operations 




One 

41 


60 

Multiple 

27 


40 

Complete healing — in months 




Less than 4 mos 

13 


49 


Less than 8 mos 

14 


21 


Less than 12 mos 

I 

’49 

I 5 

• 72 

Over 12 mos 

I 


I 5j 


Unhealed — in months 




At discharge from hospital 




Less than 4 mos 

4 

1 

6 


Less than 8 mos 

2 1 

! ^ 

2 1 

1 

Less than 12 mos 

I J 


I 5 


At death 




Less than 4 mos 

3 ] 


5 

1 

Less than 8 mos 

4 I 

’ 8 

6 

i- 12 

Less than 12 mos 



I 5J 


Unhealed Smus pcisists in wound 

4 


6 

Weight 




Gam 

39 


57 

Loss 

10 


15 

Stationary 

19 


28 

Sputum 




Positive 

62 


91 

Negative 

6 


9 


CONCLUSIONS 

(1) Perianal infections occur in 5 to 10 pei cent of patients with pul- 
monary tuberculosis as contrasted to o 5 pel cent in the nontubei culous popula- 
tion Tuberculous gianulation tissue Avas found on histopathologic examina- 
tion in 79 per cent of 86 patients in this seiies Fourteen cases early 111 the 
series had no biopsy 

(2) Multiple lesions, le , abscesses and fistulae, w^ere the most common 
Lesions were frequently extensive, and spread usually occurred along the 
course of the superficial perianal lymphatics 
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(3) Conseivative surgery is futile in the treatment of perianal tuberculosis, 
as shown by persistence of pathology in 35 per cent of our patients pieviously 
opeiated upon elsewheie 

(4) Effective tieatment demands radical excision of all existing patholog}^ 
Foci of tuberculous granulation tissue must be carefully sought for m the 
wound and completely eradicated when found Operation 111 stages is fre- 
quently necessaiy because of the extent of the lesion Radical procedures 
as desciibed, when instituted eaily, should result in a high percentage of cures 

REFERENCES 

^ Alhngham, Wm Diseases of the Rectum 4th ed , Blakiston, Philadelphia, 1882 
* Martin, C L Tuberculosis Fistula in Ano, JAMA, loi, 201, 1933 
® Berry, F B Perianal Tuberculosis Annals of Surgery, 99, 593, 1934 
^ Chisholm, A J Relationship of Pulmonary Tuberculosis to Anorectal Fistulae Surg , 
Gynec and Obstet , 56, 610, 1933 

° Marino, A W M Perianal Tuberculosis Read at N Y Proctological Society, 
March, 1938 

Nesselrod, J P An Anatomic Restudy of the Pelvic Lymphatics Annals of Sur- 
gery, 104. 905, 1936 
’’ Sweany, H C Quoted by Martin ^ 

® Rogers, H, and Hall, M G Pilonidal Sinus Arch Surg, 31, 942, 1935 
® Leslie, G L Importance of Tubercle Bacillus m Etiology of Ischiorectal Abscess and 
Fistula in Ano Canad Med Assoc Jour, 16, 1215-1220, 1926 


453 



INTERNAL DERANGEMENTS OF THE KNEE JOINT 
AN anal:isi& of onf iiundkfd casks with folloav-up study 
L KRAni.R Ferguson, M D 

AND 

Wpslut D Thoimpson, M D 
PinbADrLVinA, Pa 

IROM TIH HOSIITM Ot TIIL UM\ I IlSITl Of JfSNSU\\M\, I JTIL KDFLl IfM, 

In nils RKVUKW of lOO cases of inteinal derangement of the knee, we wish 
to iioint out the lelative fiequency of the vaiioiis lesions which fall under this 
geneial diagnosis, to detail the symptomatology upon which the diagnosis and 
opeiative indications aie based, and to give the follow-up results obtained in 
95 of the 100 cases In addition, the opeiative technic and plan of after-care 
will be desciibed, as well as the opeiative comjihcations which have appeared 
Anatomy of the Knee Joint — The knee, although generally looked upon 
as a type of hinge joint, diffeis I'ei}' mateiially fiom the true hinge joints such 
as the elbow and ankle The sui faces of the condyles of the femui and the 
head of the tibia fit vei}' pooily Only m full extension is there a broad sur- 
face contact In all othei positions the ai ticulai surfaces meet only at points 
The semilunai cartilages deepen the joint cavity of the tibia and accommodate 
It to vanations in contact between the condyles and the tibia The}’^ move 
backwaicl m flexion to deepen and piotect the posterioi margin of the tibial 
head, and in extension “they follow the foiwaid i oiling of the cond3des and 
deposit themselves in the anleiioi joint cavity where they become compressed 
and give a spungy piotection to the maigins of the joint” (Palmer^) (Fig i) 
Of the two caitilages, the lateial has the gi eater range of motion The move- 
ment of the mteinal caitilage is limited by its wude fixation to the under sur- 
face of the internal lateial ligament It is fiequently caught and toin betw^een 
the internal condyle and the head of the tibia, in movements in wdiich there is 
internal torsion of the condyles, in the act of extending the knee In our 64 
frank caitilage injuiies, 62 weie of the internal and only tw’^o of the external 
cai tilage ' ' 1 

The synovial membrane is thin Its chief function is the secretion of 
synovial fluid wdiich lubricates the joint and nouiishes its caitilaginous sur- 
faces Betw^een the synovial capsule and the infrapatellai ligament is a space 
filled wuth a fat pad wdiich, in extension, comes to he m behveen the condyles 
This pad is believed by man)^ to counterbalance the vanations in pi essui e that 
occur with changes in the position of the joint The pad lesponds to trauma 
b}'^ becoming edematous, and later forms firm fibious “snow-capped” pi ejec- 
tions into the joint cavity 

The integrity of this relatively Aveak aiticulation is maintained laigely by 
Submitted for publication May 16, 1939 
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stiong ligaments both inside and outside the joint The ciucial ligaments 
within the joint pi event abnormal anteroposterior luxation Outside the joint, 
the strong lateral ligaments, the fibrous part of the capsule, and the tendinous 
insertions combine to give extreme stiength to a lelatively unstable bony aitic- 
ulation It IS piohable that internal deiangements of the knee joint rarely 
occur without some injuiy to the adjacent ligaments On the othei hand, 
repair of the internal derangement will usually leheve the repeated strains on 
the ligaments and permit them to regain their normal stiength 
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Fig I — Cad'i\er injection specimen showing position of the semihimr c irtihges, "111(1 of the "irtic 
iilating surfaces in the right and left knees held in extension and in flexion Ihc upper surface of the 
tibia IS shown in the drawings the shaded areas lieing the area of the articulating surface of the 
femur on the tibial head In the upper drawing in extension the semilunar cartilages are seen to move 
forward and the articulating surface is along the anterior portion of the head of the tibia In the lower 
drawing, in flexion, the articulating surface of the cotid>!cs is seen to be well posterior on the head of 
the tibia and the cartilages liaie moied backward awaj from the anterior edge of the articulating surface 
of the tibia 

Mechanism oj Injiny — The mechanism of mjiuy in internal deiangements 
of the knee joint is sunilai in almost all cases The mjui} is usually indiiect 
111 which there is an internal torsion of the femui on the tibia with the knee 
in partial flexion In most of our cases, the foot hearing the patient’s v eight 
was fixed on the giound and the body and femui twisted either by being stiuck 
from the side, as when being tackled oi “clipped” m football, or m tiying to 
make a sudden turn wdiile running This was the mechanism of injury in 65 
of our 100 cases In a smaller group of cases (15 per cent) the same mecha- 
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nism occurred when the foot and lower leg were twisted with the knee fixed 
in partial flexion, as in kicking a soccer ball 

It IS not sui prising that 52 pei cent of the injuiies occuired in competitive 
sports, whei e sudden twists 01 bod)' blows are not uncommon Of these, foot- 
ball was the woist offender, accounting foi 29 per cent Basketball, soccer, 
laciosse, jumping, baseball, tennis, boxing and wrestling each contributed its 
quota Also, naturally, those injunes were more common in males — 82 of our 
100 cases Of these, 68 came to opeiation befoie their thirtieth year 


Fig 2 Fig 3 



Fig 2 — Adhesive strapping: for the earl> treatment of internal injurj to the knee joint After 
aspiration of the effusion, a criss cross strapping is applied beginning well laterally and as high as 
possible on the thigh extending downward across the lower leg at the knee beieral succeeding 
layers are applied using two inch adhesne The straps are anchored abo\e and below by circular 
turns of elastoplast bandage 

Fig 3 — Strapping her internal injury to the knee joint The strapping is completed by the 
application of a firm elastic bandage at the knee 


Eoly Tieatment — In none of these cases, except m a few patients who 
came with the knee locked in partial flexion, was operation advised as a pri- 
mary treatment It has been our piactice to tieat the primary injury by aspira- 
tion of the knee and application of a diessing which peimits fixation with 
function This A'aried with the apparent seventy of the injury In the milder 
injuries, fixation was obtained by ciossed adhesive stiapping anchored above 
and below by elastic adhesive and held at the knee by an elastic bandage (Figs 
2 and 3) In the more severe cases, a posterioi plaster splint was used m some 
instances and, more lecently, a castex case was applied from the ankle to the 
gluteal fold It was possible foi the patients to be ambulatoiy with these 
diessings, which weie maintained for three to six weeks Aftei removal of the 
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strap or splint an elastic bandage was used to give partial support to the knee 
for an additional two to three weeks If after a thorough trial at conservative 
therapy, there were fiequent recuirences of knee disability, operative interven- 
tion vas indicated The average lapse of time from the original injury to 
operation was two and one-quai ter years 

In oui experience, any knee with true locking eventually came to operation 
Manipulations under anesthesia, with reduction of the dislocated cartilage 
01 the dislodgment of the foreign body, were followed by recurrence m every 
case 

In the study of these cases the i oentgenogram did not piove of great diag- 
nostic value except m osteochondritis dissecans or foreign bod)’- We were 
unable to obtain any aid in the differential diagnosis of such difficult lesions 
as partial cartilage tear and hypertrophic fat pad Our experience with 
ai throgi aphy has not been great, but we have depended more on clinical find- 
ings to interpret the roentgenogram lather than the reverse Nevertheless, 
we believe a routine preoperative roentgenogi am of the knee is indicated m 
every case in older that bony injury oi foreign body may not be ovei looked 
The injuiies naturally divide themselves into foui mam groups according 
to types of patholog}q viz , cartilage injuries, injuiies to the sjmovium and 
fat pad, ciucial ligament injuries , and foreign bodies 

Cai filagc Injui les — Of loo cases of internal deiangement of the knee joint, 
65 showed frank injuiies of the semilunar cartilages themsehes These weie 
divided into four gioups Longitudinal tears, tears in the anterioi poition of 
the cartilage, tears 111 the middle poition of the cartilage, and tears m the 
posteiioi portion of the cartilage 

longitudinal tears (bucket handle) 

By fai the laigest group, 31 pei cent of the 100 cases, was comprised of 
jiatients haMiig longitudinal tears of the cartilage, mostly of the bucket-handle 
t}pe Of these, 21 arose in competitive sports Thirty of the patients were 
males The left knee was involved in 17 cases, the right m 13 cases The 
symjDtoms produced veie fairly constant and permitted a more oi less accurate 
diagnosis Theie was maiked pain in the knee joint, usually on the anterioi 
mesial side, lecoided in 27 cases Effusion was present in almost all cases 
Many patients came to the hospital at the time of the original accident with 
the knee locked The othei s gave a definite histoiy of locking at intervals In 
a few cases, the dislocation of the torn cartilage between the condyles was re- 
duced by manipulation, but theie vere recurrences every time In those cases 
in which the patient came for treatment at the time of the oiigmal injury, 
the knee vas held m paitial flexion It could not he completely extended or 
flexed, although there v as some range of motion in the middle poi tion of the 
flexion aic The most definite complaint vas a peisistent inability to extend 
the leg complete!}, due to the fixation of the torn poition of the cartilage at 
the anterior horn, pre^entmg complete anteiior rotation of the cond}les on the 
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head of the tibia In one case, a patient who had his knee locked, tripped and 
fell, teaiing loose the anterior portion of the caitilage so that at the time of 
operation he was able to extend the leg completely, but the cartilage was found 
lying between the condyles 

The findings on examination m these cases varied a great deal, accoiding 
to the time at which they were seen When seen early, an inability to extend 
the leg completely was noted and usually there was a definite effusion, although 
this IS not invariable Those patients who were seen late, having had a history 
of frequent lockings, ma}'' have had no effusion whatever, but theie usually was 
a definite area of tenderness at the innei side of the infrapatellar ligament at 
the head of the tibia In such cases there may or may not be some lelaxation 
of tbe lateral ligaments of the joint, especially of the internal lateral ligament 
In the 31 cases with longitudinal tears of the cartilage the correct diagnosis 
was made m 30 instances The othei diagnosis was incorrect in that the 
cartilage injured was the external instead of the internal caitilage 

In all cases, the caitilage was removed as far back as jiossible, removing 
all of the detached tissue In one patient who had a histoiy of six 3'’ears’ dura- 
tion, there w^as a definite aiea of erosion of the cartilage ovei tbe end of the 
femur Twenty-nine of the 31 cases w'eie follow'ed (Table I) 

Table I 

SlNOPSIS or THE 29 INSTANCES OE LONGITUDINAL Tl AR rOLLOWED-UP 

15-20 years of age (6 cases, 5 followed) 

Result 4 normal 

I has w'eakness, stiffness, click- 
ing (this patient had erosion 
of cartilage along inner con- 
dyle at operation) 

Follow-Up Penod 3 years 2 cases 
4 years i case 
9 years 2 cases 

20-30 years of age (20 c.ases, 19 followed) 

Result 19 normal (2 have slight ache 
after extreme exercise) 

Follow-Up Penod i year 2 cases 

2 years i case 

3 years 2 cases 

4 years 4 cases 

5 years 10 cases 
(No relation seen between duration of 

sjmptoms and operative result in 
this group) 

30-40 years of age (5 cases, 5 followed) 

Result 5 normal 

Follow-Up Penod 2 years i case 
4 years i case 
7 years 2 cases 
9 years i case 
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TEARS OF THE ANTERIOR PORTION OF THE INTERNAL SEMILUNAR CARTILAGE 
Theie were i8 patients in which a tear of the anterior portion of the semi- 
lunar cartilage was found Of these, all but one were males The histoiy 
of injury showed competitive spoits to be a major factor in the causation 
Foul teen tears occurred m this manner, ii of these in football The symptoms 
these patients exhibited wei e somewhat similar to those sustaining longitudinal 
tears At the time of the injuiy, there was immediate pain and eflfusion The 
knee, however, usually was not locked and, as the effusion deci eased, the 
patient was able to get along foi a time without disability Twists of the knee, 
however, lesulted in a recurrence of the injury characterized by a catching of 
the torn caitilage between the condyle and the head of the femur As a rule, 
tiue locking did not take place, but the catching of the foreign body gave the 
sensation to the patient of the knee giving way underneath him, and frequently 
falls resulted This symptom was so similar to that described in cases of 
hypei trophy of the infrapatellai synovium that it was almost impossible to 
distinguish between these two clinical entities Occasionally, the torn cai tilage 
would woik itself into the space between the condyles, in which case tiue lock- 
ing of the joint would take place 

On examination, the chief points of diagnostic importance were the tender- 
ness along the anterioi portion of the semilunar cartilage when deep pressure 
was made, the effusion and the definite crepitation on motion of the joint 
We were unable to distinguish with certainty this type of injury from the 
injuiies resulting in contusions of the infi apatellai fat pad, and, m diagnosing 
these cases, almost invariably, the diagnosis was made of an internal derange- 
ment of the knee joint, the type undetermined 

In the ti eatment of these teai s the entire cai tilage was removed in 1 1 cases, 
and, in seven cases, only the anteiioi torn poition of the cartilage was excised 
Sixeen of the i8 cases weie followed (Table II) 

Table II 

SY^OPSIS or THE 1 6 INSTANCES OE TEARS OF THE 
ANTERIOR PORTION OF THE INTERNAL SEMI- 
LUNAR CARTILAGE FOLLOWED-UP 

Under 20 j'^ears of age (5 cases, 5 followed) 

Results 5 normal 

Follow-Up Penod 7 months i case 

4-6 years 4 cases 

20-30 years of age (ii cases, 10 followed) 

Result 10 normal 

Follow-Up Period 3-10 months 3 cases 

1-2 years 2 cases 

4-6 years 3 cases 

14 j'^ears 2 cases 

30-40 years of age (i case) 

Result normal 
Follow-Up Period i \ear 
40-50 3 ears of age (i case, not followed) 
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In this group of cases, we were inleiested to note whether theie was any 
impiovement in the follow-up lesults in those knees m which only the anteiior 
torn poi tion of the cai tilage was excised over those who had the entire cai tilage 
lemoved As a mattei of fact, in the entire follow-up gioup, all the knees weie 
noimal, indicating that a conservative opeiation, with simple removal of the 
tom poition of the cai tilage, will give an excellent result (Fig 4) 



Tic 4 — Upper dra^ving Case showing a dogeared tear of the anterior portion of the car 
tilage In seven patients, only this torn portion of the cartilage was removed Good results were 
obtained m all instances 

Middle drawing Showing method of looselj suturing the capsule of the joint with interrupted 
sutures The loose suture permits escape of joint effusion and so prevents secondary effusions of the 
knee after operation 

Lower drawing Show ing position of the patient on the table sand bag under the knee and 
tourniquet on the thigh It is to be noted in these drawings that the wound covers, which are 
clipped to the skin edges with Michel clips have been omitted 

TEARS OF THE MIDDLE PORTION OP THE INTERNAL SEMILUNAR CARTILAGE 

There were ten cases in which only the middle portion of the semilunar 
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cartilage lAas injured either by a trans^e^se fracture of the cartilage or b} a 
dog-eared tear All of these patients uere male Three of the iniunes oc- 
curred 111 football 

There u ei e pain effusion and intermittent catching or locldng m the knee 
joint in practicall} all cases The patient almost imanably. complained of a 
sensation of the knee gn mg u ay and recurrences of the disabiht}- u ere quite 
ficquent ^Ye uere unable, from plnsical examination to make a definite 
diagnosis in tins group The s}mptoms weie almost indistinguishable from 
those described for anteiior tears of the cartilage although it is possible that 
the aica of tenderness on pressure o\er the caitilage uas more lateral than 
noted in the anterioi group In all cases the cartilage w as excised as far back 
as possible All ten cases u ei e follow ed (Table III) 

Table III 

SYNOPSIS or THE TEN INSTYNCES OF TE YKS OF THE MIUDLE PORTION OF THE INTERN* YL SEMI- 




LtfNYR CVRTILYGF rOLLOYYED-LP 


Age 

Patients 

Result 

FolloYY-Up Penod 

20-30 Y ears 

6 

5 normal 

2, 4, 10, 13, 14 Year 



I has occasional effusion and locking 

6 years 

30-40 Y ears 

2 

Normal 

I, 6 Years 

40-50 Y ears 

r 

Has slight limitation of flexion 

S years 

UnknoYY n 

I 

Normal 

5 Years 


POSTERIOR TEARS OF THE SEXIILUXAR CARTILAGE 

There w ei e six cases in w Inch a tear of the posterior portion of the semi- 
lunar cartilage \Yas noted at opeiation Of these fiYC Ycere males The one 
female patient sustained her iniur} plaY mg hockev Three other cases receu ed 
theiis m athletics Ag-ani. yyc were unable to note any charactei istic scnip- 
tomatology m patients with posterior tears of the cartilage The SYinptonis of 
pain along the inner side of the knee YYith effusion locking or catching and 
giYing waY weie constant in this group The findings on examination Y\ere 
also similai to those described for anterior tears There was usually pain on 
tYYisting of the leg yy ith tenderness along the mnei side of the patellar ligament 
In 0111 anal} SIS, there YYere no characteristic SYmptoms yyIucIi Yvould permit 
a diagnosis of the position of a partial tear of the cartilage Furthermore, the 
diagnosis yy as b} no means easy at the time of operation It is the suspicion of 
the presence of these partial tears yy Inch accounts y erv often for remoY al of the 
cartilage YYhen no injur} to the cartilage can be found at the antenor portion 
of the joint In one of these cases the caitilage appeared to be normal and 
was left in place It was necessar} to reoperate upon this patient and remoYe 
the cartilage because of leciirrence of s}mptoms At the second operation a 
longitudinal posterior tear of the cartilage w as demonstrated All six cases of 
posterior tears YYere folloYYed (Table IV) 
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Table IV 

SYNOPSIS or THE SIX INSTANCES OE POSTERIOR TEARS 
OE THE SEMILUNXR CARTILAGE EOLLOWED-UP 

1 8 years of age (i case) 

Result Feels knee is going to fall apart (has tear of 
lateral ligament also, but refuses operation) 

Follow-Up Penod 7 years 
20-30 years of age (4 cases, 4 followed) 

Result 4 normal 

Follow-Up Penod 6 months, i, 2, ii years 
37 years of age (i case) 

Result Normal 
Follow-Up Penod 2 years 

LOOSE INTERNAL SEMILUNAR CARTILAGES 

Theie was a further group of 13 cases in which, at opeiation, no fractuie 
or dislocation of the semilunar cartilage was found, but there was a veiy defi- 
nite looseness of the caitilage (looser than the operator considered normal), 
and in some of these cases a definite tear of the coionaiy ligament was dem- 
onstiated These patients frequently had, in addition, definite hypertrophy 
of the infiapatcllai fat pad and adjacent synovium The question as to whether 
the looseness of the caitilage produced the disability in the knee joint or 
whether the hypertrophied fat pad was the cause of the symptoms is still unde- 
cided In this group, there were seven males and six females Six of the in- 
juries occui red in football, one in boxing one in tennis and one in tap dancing 
The histoiy of these patients was similar to that given for the partial tears of 
the cartilage In ii patients, there was a definite history of pain vith effusion 
in the knee joint The effusion gradually subsided, but there lemained a 
limitation of extension m some cases, a ciepitation in a few In eight patients 
there was a history of the leg giving way, and in eight there was a definite his- 
tory of recurrence of symptoms following a twist of the knee On examina- 
tion, the patients presented pain on the inner side of the patellar tendon with 
tenderness on pressuie over that aiea Theie Avas usually some slight fulness 
of the knee if the patient w^as seen soon aftei an injury or a recurrence There 
were no othei charactei istic diagnostic s3miptoms As a result, the diagnosis of 
internal deiangement of the knee joint \vas usually made because a definite 
pathologic diagnosis was almost impossible f 1 om an examination of the patient 
or a history of the course of his disease 

Eight patients were treated by excision of the cartilage and the hyper- 
trophied fat pad In four cases, the cartilage alone was excised and, in one 
case, an attempt was made to suture the coronary ligament at the site of its 
injury All of these patients have been followed (Table V) 

In reviewing the follow-up results m this group of cases, we have reached 
the conclusion that in those patients in whom the internal semilunar cartilage 
appears loose, but in whom there is also a definite hj pertrophy of the synovial 
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S\NOPSIS or THE 13 INSTANCES OF LOOSE INTERNAL 
SEMILUNAR CARTILAGES FOLLOWED-UP 

Under 20 years of age (2 cases) 

Result I has slight swelling (coronary ligament 
sutured at operation) 

I has weakness, swelling, giving way, crepi- 
tation (fat pad not removed) 

Follow-Up Period i and 2 years 
20-30 years of age (8 cases) 

Result 8 normal 

Follow-Up Penod 3-6 months 2 cases 

1 and 2 years i each 

5-7 years 4 cases 

Over 30 years of age (3 cases) 

Result 2 normal 

I not quite normal (fat pad not removed) 

Follow-Up Period i year i case 

2 years 2 cases 

infrapatellar pad, an excision of the fat pad should be performed as well as 1 e- 
nioval of the cartilage As a matter of fact, it is our belief that m all proba- 
bility the causation of the symptoms m these patients is more often due to the 
hypertrophied fat pad than it is to the looseness of the internal semilunar 
cartilage 


HYPERTROPHY OF THE INFRAPATELLAR FAT PAD (sYNOVITIs) 

The second group of cases of internal derangements of the knee joints 
showed a definite hypei trophy of the infrapatellar fat pad without any injury 



Fig s — P- itient showing the limitation of extension in hjpertrophy of the 

infrapatellar fat pad 

to the cartilages of the joint In this group were 16 cases, nine of whom were 
males and seven females Nine gave a history of having had a twist when 
falling Four of the injuries occurred in sports Pam and effusion w^ere 
present in all cases In addition, there was a history of limitation of extension 
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in most cases (Fig 5) The sensation of giving way was a frequent symptom, 
and lecuiiences weie quite the lule Many of these patients gave the history 
of pain, especially on going up and downstaiis, moie frequently on going 
downstaiis when they put the affected leg down and began to beai their weight 
on that leg Most of them complained of pain on slight twists of the knee 
On examination m the acute stage, theie was definite effusion with tenderness 
on either side of the patellai ligament There was perhaps a moie marked 
fulness on each side of the ligament in these patients, although this finding was 
a lelative one and somewhat difficult to demonstiate clinically In the qui- 
escent stage, the aiea of tenderness was closet to the patellar tendon than was 
piesent m the cases of anteiioi tears of the semilunar cartilage, although this 
finding also was difficult to be suie of in a clinical examination In those cases 
in which theie was a definite hypei ti oph}’^ of the infiapatellai pad, there was 
oftentimes a slight limitation in extension as compaied to the noimal, but in 
some cases this finding was quite indefinite These patients were operated 
upon with the diagnosis of chionic synovitis in six of the 16 cases , in five cases, 
an indefinite diagnosis of internal deiangement of the knee joint was made 
and, m four cases, a definite diagnosis of fractuie 01 dislocation of the internal 
semilunai caitilage was made It is obvious that the diagnosis of this lesion 
was a gieat deal moie difficult than the diagnosis of a fiactuie of the semilunar 
caitilage Theie did not seem to be any definite clinical finding present on 
examination which would make a ceitain diagnosis possible 

At operation m 12 of these cases, the fat pad was excised In two, a com- 
plete and thorough examination of the joint was made and the joint closed 
without any mtia-aiticular surgeiy In one case, the internal semilunar 
cartilage was lemoved in the feai that there might be a posterior teai of the 
cartilage In another, which was an operation foi recuirence, a foreign body 
was lemoved m addition to some of the hypertrophied synovium Of these 
16 cases, all but one were followed (Table VI) 

Table VI 

SYNOPSIS or THE 1 5 INSTANCES OP HYPERTROPHY OP 
THE INPRAPATELLAR PAT PAD (SYNOVITIS) POLLOWED-UP 
Under 20 years of age (4 cases, 4 followed) 

Result 3 normal 

I has slight weakness 

Follow-Up Period 6 months-r year 2 cases 

3 }?ears i case 

5 years i case 

20-30 years of age (8 cases, 7 followed) 

Result 4 normal 
3 fair 

Follow-Up Period 2-8 months 3 cases 

2 years 2 cases 

3 years i case 

7 years i case 
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Table VI — {Continued) 

30-40 years of age (3 cases, 3 followed) 

Result 3 normal 

Follow-Up Period 6 months i case 

2 years i case 

9 years i case 

51 years of age (i case) 

Result slight pain on extension 
Follow-Up Period 6 months 

In the thiee cases in the 20-30 age gioup consideied to have fair results, 
theie is a recuiience of swelling upon twisting the knee and an occasional sensa- 
tion of giving way One patient, who had had two previous operations in 
which both caitilages had been removed, had developed a hypei trophic syno- 
vitis with the appeal ance of a foieign body The foreign body was removed 
and the hypei tiophic synovium excised, and this patient still has a slight ache 
in the joint opeiated upon, with some ciepitation However, he works as a 
lifeguard and has a fairly normal knee In this case, we had an oppoi trinity 
to observe the area of the semilunar cartilages some yeais aftei then lemoval 
There was an apparent 1 egenei ation of the caitilage, 01 of fibrous tissue in place 
of the caitilage, which served to take its place fairly well 

These cases vith hypertrophy of the infrapatellai fat pad and those with 
loose internal semilunar caitilages aie hard to diagnose and it is difficult to 
deteiniine what tieatment should be given In the foimer group, we excised 
the cartilage 111 12 of the patients, and 111 those cases a lelatively good follow-up 
result was obtained However, 111 two cases, we closed the knee without any 
operative intervention whatever, and both of these cases have shown excellent 
follow-up results This leads us to speculate as to whether the operation of 
removal of the hypertrophic fat pad is the essential factor m producing a good 
knee, or the operation, by producing scar tissue and tightening up upon the 
fibrous capsule of the joint, has produced the good result Too, the period of 
three to four Aveeks of relative immobilization may be sufficient to produce a 
subsidence of the edema and sAvelhng of the fat pad AAdnch Avould remove the 
obstructing tissue and thereby relieve the disability 

INJURIES TO THE CRUCIAL LIGAMENTS 
There Avere four patients Avho had injuries to the crucial ligaments All 
of these Avere males Three of the injuries occurred m football, and one patient 
gave the history of an injury the result of AArenching the leg Pam and effu- 
sion in the knee joint Avere present in all cases There Avas some limitation 
of motion in tAVO There Avas a sensation of giving Avay in the knee m tAvo 
cases, and in all there Avere recurrent attacks of disability in the joints follow- 
ing twists In none of these cases Avas there any par ticular laxity on anterior 
or posterior motion of the leg on the femur, and in no case Avas there a diag- 
nosis of a tear of the crucial ligament made before operation As a matter 
of fact, all Aveie operated upon Avith the diagnosis of inteinal derangement of 
the knee joint At operation, injuiy of only the anterior crucial ligament Avas 
found In one case the ligament was paitially torn and m the others it was 
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completely tom acioss In two patients theie was also a tear of the internal 
semilunar cartilage and in one theie %\as a definite hypertrophy of the infia- 
patellar fat pad It is questionable whethei the teai of the ligament was ac- 
countable foi the patient’s symptoms in any of these cases 

At opeiation, the toin caitilage was excised and the toin ligament tiimmed 
in two cases In the thud case, the hypei ti opined fat pad w^as excised and 
the ligament w^as tiimmed, and in the fouith there was an attempt made to 
lepair the tom ligament Thiee of these patients w'ere follow'ed, one for five 
and tw'O for tw'O years All of these patients piesented noimal knees They 
stated they ai e able to enter into spoi ts without difficulty although tw'o occa- 
sionally weal elastic knee-caps wdien engaging m stienuous spoits 

OSTEOCHONDRITIS DISSECANS AND TORCIGN BODIES IN THE KNEE JOINT 

Theie w'eie five cases in wdnch the diagnosis of osteochondritis dissecans 
w'as made oi in wdnch theie weie foieign bodies m the knee All w^ere males 
and, except in one case, theie w'as definite Instoi) of injuiy In one instance 
there w'as a history of diiect tiauma In thiee otheis the injuiy occuned in 
football or basketball 

The symptoms w^ere sinnlai to those that have been chaiacteristic of the 
other lesions of the knee joint — pam, effusion and cicpitation Locking w'as 
piesent in tw'O cases, and theie w'eie numeious recuirences of disability in all 
In these cases, moie than any othei, the roentgenogram is helpful in making 
the diagnosis In twm of them the i oentgcnogram w'as negative, in two, a defi- 
nite area of raief action along the inner condj le w'as found, and in one case defi- 
nite foreign bodies w'ere demonstiated m the knee joint The diagnosis was 
made on the basis of the roentgenogi am in three cases In the other tw'o 
cases, m wdnch the loentgenogiams weie negative, the diagnosis was internal 
deiangement of the knee joint 

The physical signs difteied in no lespects fiom those present followung in- 
juiy to the caitilages oi hypci ti opined fat pads Wlien locking occuned, as 
it did in one patient, it w'as moie fiequently complete wuth absolute immobility 
of the knee joint, than is the case in Icais of the internal semilunar cartilage 
of the bucket-handle type Othei wuse, the symptoms of pain and tenderness 
on pressuie along the internal aspect of the infrapatellai ligament weie the 
outstanding clinical findings 

At operation, m one case, multiple small fiagments of cartilage w'eie le- 
moved as w^ell as the internal semilunai caitilage In two cases, definite joint 
mice were lemoved and the hyperti opined infiapatellai fat pad w'as also ex- 
cised In one of these, a definite loose aiea of caitilage w'as lemoved from 
the mesial side of the internal condyle In another case, although theie had 
been a diagnosis of osteochondritis dissecans made loentgenologically, no aiea 
of loose cartilage and bone w^as found in the condyle 

The operator simply clipped some synechia extending betw'een the joint 
capsule and the edge of the condyle of the femui In one case, theie was a le- 
curience of the foreign body This was definitely a case of joint mice due to 
synovial osteochondromatosis The lesults in these five cases are relatively 
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good In four cases the joint is normal thiee, four, five and 12 years after 
opeiation In one case there is a fan result, although the patient says he still 
has a catch but no swelling in his joint He shows a very good knee on ex- 
amination He IS a contestant in a compensation claim which may be a factoi 
in his disability 

Comment — Of the 100 patients operated upon for mteinal deiange- 
ment of the knee joint, 96 have been followed-up and, of this number, only 
one IS not satisfied with the lesult This patient says he feels as if his knee 
weie going to fall apart, which adequately describes his condition, as he has 
a definite relaxation of his lateial ligament which should be repaiied With 
the poor lesult following his previous opeiation, however, he is unwilling 
to undergo fuither operative mteivention 

Frequently, it is asked whethei operation upon the knee joint does not 
lesult 111 a stiff knee or m the development of a chionic arthritis It is im- 
possible to answer this question absolutely, but the follow-up results in this 
senes of cases would peimit one to feel that the answer should be in the 
negative Many of the patients m whom a pooi result was predicted have 
obtained an excellent functional and anatomic knee In some cases, theie 
has been a period of six months to a yeai in which some amount of dis- 
ability in the knee has peisisted, but this disability has gradually disappeared 
and a 1101 mal knee function obtained The age of the patient at the time of 
operation or the duiation of the symptoms did not seem to mateiially influ- 
ence the end-1 esult unless there Mere associated changes in the aiticulai 
cartilages of the femur 

As to the question of arthiitic changes in the knee joint, theie is only 
one case in which any evidence of this type of change has appealed This 
patient had been opeiated upon twice pievious to his coming to the University 
Hospital, and the internal and external semilunar cartilages had been removed 
Because of persistence of his symptoms, he was opeiated upon again, at wdiich 
time, theie was a definite jDanus above the condyles of the femiii and evi- 
dence of an hypeitiophic arthritis along the edges of the condyle He later 
developed a foreign body in the knee joint This was removed, and since 
that time his knee function has been good, although he still has slight dis- 
comfoit It should be pointed out that in these operations on the knee, 
definite changes in the cartilage over the condyle of the femur had been seen in 
thiee cases, and theie Avas an osteochondritis dissecans apparent at the time 
of operation in thiee otheis It would appear, theiefore, that the operation 
does not necessarily produce aithritic changes but that the injury to the 
joint and cartilage and the persistence of disability in the knee joint ma)’- 
be factoi s m the production of an aithiitis if the arthritis does appear 
(Fig 6) 

The Opoahve Piocednie — In piepaiation foi opeiation no special pre- 
operative technic is used othei than that oidmanly employed for any celiot- 
omy Spinal anesthesia \vas employed m the large majority of these cases 
and %vas found extremely satisfactoiy for this type of operation As a rule, 
no more than 100 mg of procaine is necessaiy, and frequently a unilateial 
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anesthesia may be obtained A rubbei band tourniquet is applied, begin- 
ning at the toes and extending upward to the thigh wheie it is fixed as a 
ciicular tourniquet with seveial layers The band is then lemoved from the 
foot and leg and a cadaveiic anemia is pioduced The skin is prepaied by 
one application of an antiseptic solution The patient’s knee is bent over 
a bleak in the table The lowei leg is trapped m a sterile sheet bandaged 
111 place so that it can be manipulated throughout the opeiation at the Mill 
of the opeiatoi An incision about two inches long is made, beginning at 
about the middle of the patella to the mesial side and extending dowunvard 


{ 



1 . U 

Tig 6 — Drawiiif, showing marked h>pertrophj of the mfra 
patellar fat pad with erosion of the adjacent cartilage on the con 
djlc of the femur Duration of srmptoms in this case— one jcar 
Erosion of the cartilage on the head of the tibia was also noted in 
this case 

over the head of the tibia Aftei incision of the skin and superficial fascia, 
towels are applied wuth Michel clips, and the w'ound is thus protected from 
skin contamination Aftei changing knives, the incision is continued through 
the capsule, thus opening the joint As a lule, the Lane technic is employed 
An aspiiator is used for removal of the joint fluid and whatever blood may 
appear, although bleeding is almost absent thioughout the entire operation 
Thiough this opening, the exposuie is sufficient to permit inspection of the 
mesial side of the joint and, if necessary, the incision may be continued 
upward to dislocate the patella We have found the curved No 12 Bard- 
Parker knife to be extremely useful in excision of the semilunar cartilage 
With this knife the excision may be earned aiound the condyle of the femur 
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and then by constant tension upon the loose caitilage, it may be brought 
underneath the condyle and so almost completely lemoved In oui experi- 
ence, it has been found unimpoitant to remove the extienie posterior coiner 
of the internal semilunai cartilage since this area never gives subsequent 
trouble in the joint The h3^pei trophic fat pad is removed by grasping it 
vith a hemostat oi foiceps and excising it with the cuived knife Rarely 
IS there sufficient bleeding after this piocedure to necessitate ligature, al- 
though occasionally a fine catgut sutuie has been employed to unite the sev- 
ered synovial membranes 

In closuie of the joint, we have followed Bohler’s- suggestion not to make 
a complete and snug sutuie of the synovial capsule This is done puiposely 
^Mth the idea that postopeiative eftusion in the joint can thus be prevented 
The infrequency of effusion following these opeiations has proven the value 
of this piocedure The fascia in front of the joint is then fiimly united with 
interrupted catgut sutures At times, it is possible to oveilap this structuie 
and so produce a tightening of the fibrous capsule along the inner side of 
the joint It IS possible that this piocedure may account for some of the 
beneficial results obtained in these operations Wound closuie is accom- 
plished uith clips 

For a tune, all of these operations were followed by the application of 
a posteiioi plastei splint Recently, the splint has been dispensed with and 
a simple piessure bandage applied, usually one layer of cotton batting ex- 
tending for about six inches above and below the knee overlaid with a 
firm gauze bandage fixed m place with adhesive The results, as fai as 
effusion or end-result aie conceined, have been equally as good with this 
method of treatment as with the moie cumbersome splint application The 
patients aie kept m bed for two to five days The aveiage m the loo cases 
has been 47 dajs As a lule, the skin clips aie removed on the fifth day 
and the patient allowed out of bed wuth ciutches The piessure dressing 
IS continued by the application of an elastic bandage and the patient is en- 
couiaged to assume giaduall}’- normal w^eight-beai mg on the leg The 
crutches aie usually continued for about two w^eeks aftei discharge fiom 
the hospital, after which time they may be dispensed wnth The elastic 
bandage, how^ever, is continued for at least three w^eeks aftei leaving the 
hospital Many of these patients are back at their normal activities, with 
normal knee function, Avithin tliiee to four weeks followung operation 

In the 100 cases operated upon there w^ere ten wmund complications 
Seven of these w^eie small serum collections or hematomata, and thiee w^eie 
small stitch abscesses Effusion in the knee joint necessitating aspiration 
occurred 111 tw^o cases Theie w^ere othei minor effusions wdiich were not 
ti eated There w^ere tw o cases wnth respiratory complications, and no deaths 

SUMMARY AND CONCLUSION 

(1) Internal derangement of the knee joint is usually caused by an in- 
ternal torsion of the feinui on the tibia with the knee in partial flexion 

(2) Eighty-tw^o pel cent of our patients w^eie males, and 111 more than 
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half of oui cases the injuiy occurred as an accident of competitive sports 

(3) Longitudinal teais of the internal cartilage were the most fiequent 
injuiy (31 pei cent) Removal of the caitilage resulted in a normal knee 
m 28 of 29 cases followed-up 

(4) Tears of the anterior poition of the cartilage weie found in i8 
patients Theie weie 16 patients followed, all have normal knee function 
The results aie equally good with paitial oi complete excision of the cartilage 

(5) Tears of the midportion of the cartilage occuned m ten patients 
Eight patients followed have noimal knee function after excision of the 
cartilage One has slight limitation of flexion, and one has occasional catch- 
ing and effusion 

(6) Posterioi teais of the cartilage occuned in six patients Five pa- 
tients have good function of the knee aftei lemoval of the torn cartilage 
One patient has a pool result because of definite relaxation of the ligaments 
of the knee 

(7) Abnormal looseness of the internal semilunar cartilage was found 
in 13 patients In most of these cases there was also a hypertrophy of the 
infrapatellar fat pad Excision of the internal caitilage, with or without 
excision of the hypei trophied fat pad, was perfoimed In ten patients the 
knee function is noimal In thiee cases, m which the fat pad was not ex- 
cised, there is slight residual disability 

(8) Hypertiophy of the infrapatellai fat pad was found in 16 cases In 
15 cases followed, ten patients have noimally functioning knees and five 
have occasional disability on twisting the knee In two of the good lesults 
the fat pad was not excised 

(9) Injuries to the anterior crucial ligament occuned m four cases In 
only one of these was an attempt made to repaii the ligament Good results 
weie obtained in all cases 

(10) Osteochondritis dissecans or foieign bodies weie found m five cases 
Four of these have good results, one patient has slight lesidual disability 

(11) A plan for operation and after-caie is described in winch the es- 
sential points are No special prepaiation of the knee, spinal anesthesia, 
bloodless field, loose suture of the synovial capsule, piessuie bandage with- 
out splint, eaily ambulatoiy aftei -care with early weight-beai mg 

Conseivatism, aspiiation and fixation with function should be employed 
as a piimary tieatment Recurrences of knee disability, especially locking, 
effusion and giving way, are indications for arthrotomy 

The authors wish to acknowledge with thanks, the privilege of reporting some cases 
from the services of Doctors Ehason, Muller and Ravdin at the University of Pennsjdvania 
Hospital, Philadelphia, Pa 
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SOME PHYSICAL FACTORS REGARDING CATGUT LIGATURES 

AND CATGUT KNOTS 

A PRELIMINARY REPORT 

Cyrus F Horine, M D 

B\i.timore, Md 

The concentration of thought since the woik of Lord Lister on the 
sterilization of catgut appeals to have been dnected toward the steiihty, 
physical chemistiy and tensile strength of the material Some simple and 
elementary factors regarding the proper application and the nature of ab- 
soiption 01 hydrolysis, in vivo, seem to have been almost entirely overlooked 
In 1922, the authoi reported a method of intestinal anastomosis, the principal 
feature of Mhich is the occlusion of the diaphragms of severed intestine 
during the completion of the anastomosis by using purse-string sutures with 
releasable knots Elementary information, derived concerning the reha- 
biht} of the lelease knots in that operation, stimulated further studies on 
catgut knots and sutuies A very complete review of the literature upon 
the subject has been presented b}"^ Bulloch, Lampitt and BushilF (1929) and 
Rhodes, Hottenstein and Hudson^® (i 937 ) Taylor^ (1938) is the first to 
report on thorough expenmental work on catgut knots 

Absoiption 01 Hydiolysis of Catgut — The varied and divergent results 
of different experimenters make it important to review some of the repoits 
Callender^ (1874) found a diminution in the size of catgut 24 houis after 
implantation in the tissues Reduction to threads was noted^m 45 hours, 
while loops had given way in 60 houis Macewen^"^ (1881) observed that 
chromic catgut became softened in 14 days, on an average, with a minimum 
of nine days and a maximum of 19 Claudius'^ (1906) implanted some of 
this material in various tissues of rabbits In the eye, absorption took 
place without evidence of cellular activity 01 leukocytic emigration He 
believed that the same thing occurred in the pei itoneal cavity Iodine 
sterilized catgut was absorbed more quickly than carbohzed but more slowly 
than that which had been steiihzed by dry heat He stated that iodine 
catgut disappeared in the anterior chamber of the eye within six days 
He also concluded that leukocytic reaction, when it occurs, is mainly due to 
the chemical difference between the catgut and the surrounding tissue 
Ilyin^^ (1908) stated that catgut lost its continuity in five days when buried in 
the superficial layers of the skin In deeper layers of tissue iodine catgut 
ligatures weie dissolved in seven days and heat sterilized material in six 
days In the linea alba the continuity was lost in 14 days and no tiaces 
were found after 30 dajs In muscle tissue, heat steiihzed material was 
destroyed in seven days while iodine treated catgut lost its continuity, only, 
in 14 days In entero-enterostom} b oth heat and iodine treated catgut lost 
Submitted for publication March 24, 1939 

471 



CYRUS F HORINE 


Annals of Surctrj 
September 1940 


its continml}' m six days Number 3 catgut of both types inserted into the 
subinucosa was absoibed in two to three days Tlie actual changes preceding 
the disappearance weie slight swelling and loose texture Goiis and Rol- 
lancP (1917) concluded that the tieatment of catgut with chemicals does not 
necessarily mciease the dm ability of the material j\Jacio]?hagic penetration 
takes place along the fissuies of torsion The rapidity of ahsoiption depends 
primal ily on the physical lathei than the chemical tieatment of the material 
In the less adheient mateiial ahsoiption occuis more lapidly 

Bulloch ct al~ state “The niannei of expeiimentation, the piepaiation of 
the catgut, the tissues into which the catgut has been implanted and the 
animal have been varied The study of the literatuie on catgut gives no 

support foi the statements that catgut peisists for 20, 30 or 40 days m the 
body, as so many manufactiiiers of catgut asscit ” 

Very little infoimation is to he found on the absorption of catgut in 
teims of Its tensile stiength, except in the wnitings of Bootld (1894), Phil- 
lips^'' (1914). How'es^'’ (1928), Kraissl and Meleney’-* (1934), Rhodes, 
Hottenstein and PludsoiP'' (1937) and Jenkins'- (1937) 

Some Physical Factois on the Pi cpaialion. Application and Absoi ption — 
The diveigent leports and contioveisies about catgut as a suture material 
aie, no doubt, in many instances due eithei to the paiticular method of piepara- 
tion 01, perhaps more so, to the faulty application of the material 

Bulloch and his cow'orkeis- (1929) have made many extensive studies 
on various physical constants, such as the nnmhei of twists per inch of the 
catgut ligatuie and then relation to the tensile stiength of the mateiial 
Other physical factois m their w'oik aie quoted m ceitain expciiments with 
iodized catgut w'heie it has been w'ound on glass tubes “This w^as done 
because of the possibility of the aqueous solution causing the ligatuie to 
untw'ist ’’ Their lesults show' veiy conclusively that ligatures w'oiind on glass 
tubes aie distinctly stiongei than those which have not been wound The 
ligatures which w'ere simply looped weic found to swell and even after le- 
maining m the alcohol -glyceiol solution foi some time the) were still about 
one size laiger than the oiiginal giade An examination of the ligatures 
which had been wound on the tubes show'ed that they had not sw'ollen ap- 
pieciably but the) had become latber square in cross section, suggesting 
that they had shrunk and become compiessed on the tube These results 
confirm previous conclusions that it is impoitant that the ligatuies should ne 
under tension during steiilization It w'as evident in this last expeiinient 
that the ligatures not undei tension had sw'ollen consideiably and conse- 
quently the length decreased 

Among other things, the reliability of the mateiial depends upon the rate 
of absorption and largely upon the leliability of the knot The tying of a 
knot is, aftei all, a inattei of inci easing the tw'ist It is a veiy exacting 
pioceduie of simple detail Maximum efficiency can be gained only by the 
use of the so-called leef or squaie knot There is but one general method 
to tie this knot so that the tw'ist in the catgut suture material shall be re- 
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tamed, if one takes into consideration that the material, as a geneial procedure, 
IS spun m the clockwise direction The method is demonstrated in Figure 2 
We believe the most important factor in the absorption of the material 
IS the loss of letention of the twist m the catgut Certain experimental and 
clinical data are presented herewith to demonstrate the influence of the 
twist upon the absorption of the material and the reliability of the knot in 
the catgut ligatmes 

Fig I Fig 2 



rio I — Photograph of a tube of No i plain (a) and a tube of No i chromic (b) nonboilable 
catgut of a popular brand Note the counterclockwise twist in this conventional method of wind 
mg The resultant loss of twist exposes more surfaces of the material to the effect of the tissue 
juices, consequent!} a more rapid h}drolysis 

Fig 2 — Triple throw square or reef knot The first throw (i) is m the right hand’ or clock 
wise direction, corresponding to the direction of the twist in the conventional!} twisted catgut This 
throw should be tied with sufficient tension so as to barel} approximate the tissue margins The 
second throw (2) is applied in the 'left hand” or counterclockwise direction It is tied with pressure 
sufficient to lock the first throw The third and final throw (3) is tied in the clockwise direction 
as in the first loop It ma> be tied with considerable tension 

This IS the ideal catgut knot It should be used consistent!} in clockwise spun material The first 
or original throw of a catgut knot should never be applied counterclockwise to the twist in the 
ligature material 


Expel nnental Obseivatwns — ^The exposuie of catgut to boiling tempera- 
tures, m the presence of moisture, coiwerts the collagen into gelatin, with a 
consequent loss of tensile strength The surgeon receives the nonboilable 
material after it has been dehydrated, sterilized and packed in a storage 
solution containing a small amount of moisture It absorbs additional mois- 
ture from the tissues when introduced into the wound This absorption 
causes a swelling of the catgut m its transverse diameter and produces, to a 
varying degree a loss of tuist m the mateiial The loss of twist or separa- 
tion of strands exposes more surfaces of the ligature material to the m- 
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fluence of tissue juices A luoie rapid dissolution of the material may then 
be expected 

Of the many methods of winding and packing the material, the most 
effective is the winding of the catgut on a cone-shaped instrument or tapered 
bobbin In oui expeiiments, the mateiial was wound transversely to the 
instiument in smoothly curved, compact spirals beginning at the base of 
the bobbin and continuing from this point to the apex of the cone Care 
has been taken also to twist the catgut clockwise upon its long axis as it is 



Tig 1 — Photognphs of knotted loops of cntgnt nfter tliej hid been imbedded in the nbdonnnal 
wall of 1 guinea pig for 96 hours All of the knots were tied under five pounds’ tension before 
introduction into the wounds All of the loops were taken from the same Oo inch strand of material 
(a) Prom the coiuentionallv wound mateiial, and (b) from the spirallj wound catgut on a cone 
shaped bobbin 

Note the increased diameter of the material (a) Swelling is probably due to more rapid absorp 
tion of moisture ind separation of fibers In (b), note the marked twisting on the long axes 

wound around the cone This gives the cone-shaped oi spiral strand of 
sutuie material, the diameter of the spiial deci easing from the base toward 
the apex When the catgut is withdiawn and tension made on the mateiial 
to draw it to a relative straight condition, thus flattening he coils, there is 
an increase in the amount of twist originally applied to the strand in its 
manufacture 

Numbei i chromic catgut, of several manufacturers, has been used m 
these expeiiments The material was removed from the tubes, wound m 
the mannei desciibed above and placed in 95 per cent alcohol until used 
It was piepared under strict aseptic conditions and buried in the wounds of 
animals 

In one senes of experiments, material was taken from the tube of a 60- 
mch strand and divided into two equal parts One-half of the material 
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was then wound with the increase twist procedure Knotted loops weie 
made from both pieces of the mateiial and tied undei five pounds’ tension 
These loops weie inserted into the abdominal wall of guinea-pigs and speci- 
mens taken at various intervals (Fig 3) Experimental loops of the twisted 
material were found to be turned upon their long axes while the standaid 
material remained almost circulai after several days’ stay m the wound 
The loops of twisted gut withstood digestion and retained then continuity, 
on an average, five days longer than the loops made from the conventional 
material 



k. J 

Fig 4 — Photomicrograph following the 2 per cent trj psin tension test (Mounted in 
gum damar ) 

Both segments were taken from the same 60 inch strand of material (a) From ma 
terial which had been spirall> wound on a cone shaped bobbin, (b) from the conven 
tionallj wound material 

These strands were threaded through capillarj glass tubes, equal tension exerted 
on both, b> means of mercury weights and then exposed to 2 per cent trjpsin solution 
for a period of 48 hours 

Note the smaller frajed strand (b), in comparison to the experimental or spirally 
wound material (a) 

In a senes of experiments, straight strands of shoit, free pieces of 

conventionally wound mateiial weie buried in the abdominal wall of the dog 
along with an equal number of knotted loops of the same material They 
were examined ten days later In neaily every instance the loops were 
found, but practically all of the straight pieces of material had been ab- 
sorbed It IS reasonable to assume that the knots preseived the twist m 

these loops The loss of a knot in a ligature, with subsequent rapid absorp- 
tion, may explain the absence of catgut so frequently encountered m cases 
which come to autopsy a few days after operation 

Tiypsm Tests — Sixty-inch strands of No i chromic catgut were equally 
divided and one portion wound m accordance with the method described 
above Small capillary glass tubes of equal length and diameter 
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thieaded ovei segments of both wound and unwound strands, which were 
then exposed to equal amounts of tension by means of mercury weights 
These stiands were then placed under the dissecting microscope, side by side, 
and 2 pel cent tiypsin solution introduced into the glass tubes by capillary 
attraction Within a few minutes, considerable debris could be seen in the 
solution containing the conventional catgut material, while little precipitate 
was to he ohseived m the tube of the twisted strand The diameter of the 



Tig s — Photomicrograph of nonboilable No i chromic catgut which had been 
placed m the peritoneal wound of a dog for a period of ten da>s (Mounted m gum 
damar ) 

One half of the wound had been sutured with a continuous suture which had been 
taken from the conventionally wound material The other half was sutured likewise 
with catgut which had been spirally wound on a cone shaped bobbin Both strands were 
obtained from the same 6o inch strand of material 

The knot (a) and its continuous portion is the spirally wound or experimental 
suture material, while the knot (b) and its continuous strand was taken from the 
conrentionally wound catgut 

Note the difference in diameters and structure of the two sutures after ten days’ 
stay in the wound 


conventional or control material was considerably less than that of the 
twisted material after two days’ exposure to the solution The surfaces 
of the standard or control strands were frayed and had a moth-eaten ap- 
peal ance The digestion of the othei material was slower and more uni- 
form, the strands presented a smoother appearance (Fig 4) 

Number l chromic catgut was used in the peiitoneum of rectus incisions 
of 196 dogs operated upon from 1927 to 1933, inclusive Thiiteen dogs with 
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infected wounds weie discarded The peritoneal wounds were sutured 
with catgut taken from the same strand m each individual experiment One- 
half of the wound was sewed with a continuous sutuie of the conventionally 
wound material and the remaining half closed with the special twisted catgut 
The vounds were reopened in ten days to two weeks after operation Piac- 
tically every animal showed remnants of varying degree of thickness of 
remaining catgut of both materials after ten days’ stay m the wound 

In i6 experiments, there had been a separation of wound surfaces with 
adhesions of abdominal viscera m the poitions sutured with the conventionally 
wound catgut In the aieas sutured with the special twisted mateiial, four 
such instances were to be found Adhesions of lessei degree were found 
in ten other cases of the entire group, but one was not able to definitely 
attribute this to any fault in sutuie technic Microscopic sections of the 
knots and sections of the hgatuies weie also studied Details are to be 
found m the captions to Figure 5 

Clinical E.xpei i-ences — Dm mg the past 16 years, the author has per- 
sonally tied the more important knots in a selected series of abdominal cases 
which include 25 rectus 01 midline wounds, 75 McBurney incisions and 50 
incisions foi inguinal hernia The patients weie operated upon in six dif- 
ferent hospitals and their progiess observed from one to five years after 
operation The knots used were square ones consisting of three loops or 
throws (Fig 2) The first thiow was tied 111 the right hand or clockwise 
direction with particular care to produce tension by pulling the hands in a 
plane parallel to the structuie being ligated The second throw of the 
knot was tied counter-clockwise (left hand throw) and the loop drawn only 
fairly tight The third loop of the knot was then tied as in the first, ? e , 
clockwise direction with tension estimated to be approximate to the amount 
used m the first throw Thus the first and third throws are tied in the 
corresponding direction of the twisted material In the first loop of the knot 
after crossing the ligature, the catgut was spun clockwise in the right hand 
and counter-clockwise in the left hand as it was being drawn taut The 
rotation of the catgut between the thumb and index finger as mentioned 
above prevents to a certain extent the unwinding of the twist 111 the material 
wdien the first throw of the knot has been applied The loss of twist at 
the point near the knot no doubt is of considerable impoitance m the process 
of disintegration It has been tbe common experience of all to see the 
continuity of the material broken at this point 

In the 100 cases of rectus, midline and McBurney wmunds there were no 
postoperative herniae In the 50 hernial wounds, two lecurrences w^ere found 
one, subsequent to a secondary infection, the other, a latent recurrence follow^- 
ing a fall Number i cbromic catgut, of various manufacturers, w^as used 
in practically all of the 150 cases 

It is to be admitted that the wntei has had the usual number of post- 
operative abdominal herniae secondary to diamage m peritoneal infection 
How'ever, since the publication® of the woik (1924) on drainage of abdominal 
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wounds, no heiniae have developed in those cases where that described pioce- 
duie has been used During the past i6 years, the writei has had no cases 
of postopeiative disiuption of abdominal wounds in noninfected cases This 
may be attiibuted to the careful application of catgut and to the particular 
attention to exact detail in tying knots 

SUMMARY 

(1) The conventional method of spinning catgut suture material is the 
light hand oi clockwise proceduie 

(2) Review of the literature shows varied and divergent results in regard 
to hydrol3fSis or absorption of catgut 

(3) Veiy little information is to be found on the absorption of catgut in 
teims of the tensile stiength 

(4) Only one aiticle on thorough expeiimental work pertaining to catgut 
knots was to be found (Tayloi,” 1938) 

(5) Expeiimental and clinical data aie presented to show that the loss 
of the twist in the catgut suture mateiial is an important factor to be con- 
sidered in the reliabiht}' and the absorption of the material 

(6) The loss of twist in catgut sutuie mateiial exposes more surfaces 
of the sutuie or hgatuie to the influence of the tissue juices 

(7) Squaie or leef knots may be tied with the first throw of the knot 
applied either in the light hand (clockwise) or left hand (counter-clockwise) 
direction 
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ANNOUNCEMENT OF A STUDY TO EVALUATE ORIGINAL 
SEROLOGIC TESTS FOR SYPHILIS 


tr S PUBLIC HEALTH SERVICE 
Washington% D C 

More than five years ago, the Committee on Evaluation of Seiodiagnostic 
Tests for Syphilis, m coopeiation with the United States Public Health Serv- 
ice, conducted a study to evaluate oiigmal seiologic tests for syphilis, or modi- 
fications theieof, m the United States The results of this study were pub- 
lished shoitly after the investigation was completed 

Consideiation is now being given b}' the Committee to the organization of 
a second evaluation study of original seiologic tests foi syphilis, or modifica- 
tions thereof, within the next year If the need for an investigation of this 
kind seems to justify the cost, invitations will be extended to the authors of 
such seiologic tests who reside in the United States, or who may be able to 
paiticipate by the designation of a seiologist who will repiesent them in this 
countrj'' The second evaluation study will be conducted utilizing methods 
compaiable to those emploj’^ed in the first study - 

Serologists who have an original serologic test foi syphilis, or an oiiginal 
modification thereof, and who desire to participate in the second evaluation 
study, should submit their applications not later than October i, 1940 The 
applications must be accompanied by a complete desci iption of the technic of 
the authoi’s serologic test or modification All coi 1 espondence should be di- 
rected to the Smgeon General, United States Public Health Set vice, Wash- 
ington, D C 

Thomas Pan an, M D , 
Surgeon Gcneial 
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ADDRESS OF THE PRESIDENT 

THE CRITICAL LATENT OR LAG PERIOD IN THE HEALING 

OF WOUNDS^' 

Allen O Whipple, M D 
New York, N Y 

This great honor of election to the presidency of the Axneiican Surgical 
Association is deeply appreciated, especially when I considei the chaiacter and 
ability of my predecessors and the standing and attainment of you, my col- 
leagues, who have conferred upon me this dm able distinction 

It seems strange that m the more than half century of the life of this 
Association, 50 yeais of the greatest advances in the history of suigery, 
none of the Piesidential Addi esses have dealt with the subject of wound 
healing Was it because it was considered an old, commonplace subject of 
insufficient interest to surgeons^ Rather, I believe, it was because the sub- 
ject presented many pooily understood biologic factois and controvei sial 
points of technic which made those, who had been chosen by then associates 
to preside over then meetings, hesitate to present such an everyday topic 
This makes my temerity the greater m attempting to piesent a certain phase 
of the subject befoie such an expeiienced and critical group of surgeons 
I have chosen this topic — the lag peiiod or phase of adiustment in vou nd 
healing — because it is the critical peiiod of lepaii 111 which is initiatpd_.t bp 
sequence of d ehnite processes leading to the fibroplastic fusion nf tb p 
wound sui faces/ and because this sequence may be belperl nr -Kin rlprprl by 
die suigeon in his management of the patient and of the woun d 

*Deluered before the American Surgical Association, Alay i, 1940, St Louis, AIo 
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Wound lepaii is pi eeminently a surgical pioblem As surgeons, we treat 
accidental wounds — and we make wounds We should, therefoie, be pai- 
ticulaily inteiested in then optimum lepaii and the pait we may take in 
accelerating oi letaiding the lepai alive pio^s As teacheis m medical 
schools, and as senioi suigeons m leading hospitals, oui example and our 
mteiest m wound lepaii play a majoi part m the sound basic tiainmg and 
apprenticeship of the youngei attending surgeons and lesidents who will 
follow us 111 handing on the fine tiaditions of Ameiican surger}*^ 

Wound healing is a composite biologic phenomenon which con f onus, in 
geneial, to the laws o f~giowtli I'lie piocesses involved interact with one 
anothei, but each shows quantitative vaiiatinns. depe nding n pnn flip immip 
i nvolved m relation to the conditions piesent in the wound. Thp threp mn . s t 
important processes involved in wound lepnii are.._(l) The ameboid innve- 
ment , (2) the mitotic proliferation , and ('k) the maturation of the cells engage d 
m the fusion of the wound sin faces B ut before ameboid movement and mitoti c 
piolifeiation can piogiess, certain activities m the wound space and th e 
b oidermg tissues of the wound sm farpc inn<;r bn-cQiMplpifid — JLhese 

activities i^akT — Then extent and rela- 

tive mtei action aie detei mined bv both local and systemic conditions 
t The local factors are (i~) The amount of k 'llpd ■nr_damngpr1 fippnp ^n tbe. 
vou nd suifaces, (2) the vascula iity of the tissues invo lved The mor e 
ibundant the capillary bed the moie lapid the repair, (3) the integiity of the 
lilood flow to the damaged tissue This determines the nutrition and viability 
Ar the necrosis of the tissues boideimg on the wound surfaces, (4) the 
amount and chaiactei of the exudate in the wound space and m tlie tissues 
/lordeiing the wound, (5) the number and charactei of infectious organisms 
m the wound space and the boidenng tissues, (6) the number and chaiacter 
of foieigii bodies to be extiuded 01 encapsulated 

The systemic conditions which detei mine the duration of the lag period 
and which have a profound influence on one or more of the local factors are 
(i) The age of the tissues, whethei they are adolescent, noimal adult 01 
senescent and degenerated, (2) the state of noimal hydration Dehydration 
or overh3rdi ation of the tissues is determined by the water, electrocute and 
protein balance in the blood, and may profoundly alter the conditions in the 
wound surfaces and the wound space contents, (3) normal nutiitional balance 
Piotein deficiency letaids, high protein diet accelerates wound healing Fat 
heals slowly A high fat diet prolongs the lepaii of wounds, (4) vitamin 
balance It has been definitely shown that both C avitaminosis and C vitamin 
deficiency prolong the lag peiiod because of the essential idle of vitamin C 
in the formation of mtercellulai substance and the maturation of the fibro- 
blast and the ti ansformation of fibious to collagen fibers, (5) the state of 
the general cii dilation and blood pictuie Pooi cii dilation and severe anemia 
definitely altei or delay wound healing 

In the stud)" of wound healing the least complicated sequence of repara- 
tive processes is seen m the cleanly incis ed woun d mad e and closed with 
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the strictest aseptic, atraumatic and hemostatic technic For this leason such 
a wound is of the gieatest inteiest to both biologist and suigeon In such a 
wound the lag peiiod of foui days is unifoim provided theie aie none of the 
systemic deleterious factois present The initial escape of blood and plasma 
is minimal, the foimation of a fibrin mesh fiom the plasma is not unduly 
delayed by the necessity of elimination of much dead tissue by autolysis, 
heterolysis, and phagocytosis, and the excessive exudate of bacterial and foi- 
eign body leaction does not widely sepaiate the wound sui faces The 
quiescent peiiod of agglutination of wound surfaces by a thin layer of fibiiii 
in such a wound is shoit 

Whethei there is a definite initiation of the ameboid movement of new 
connective tissue cells by growth stimulating substance elaborated by freshly 
damaged cells is not yet proven Some 20 such activating factois have been 
desciibed Certainly, in tissue cultures it has been shown by Can el and 
his associates^ that embryonic tissue juice stimulates cell growth Pioducts 
of cell destiuction aie consideied by many woikeis to have a stimulating 
effect on the leparative process Baker^ considers glutathione and hemo- 
globin to be the stimulating substances in fibroblastic piolifeiation Ham- 
mett^ claims the sulphydryl radical as the essential effective stimulus to cell 
piolifeiation in wound repair Von Gaza^ believes that the inadequacy of 
oxygen supply and other nutiitive substances m the ischemic boidei or plane 
in wounds leads to a tissue hungei which initiates cell division and ameboid 
activity of fibi oblasts and endothelial buds 


The destructive 01 lytic phase by which dead tissue is lemoved is sue- 
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tial Ameboid movements, pliagoc3dosis and giant cell foimation represent 
dilYeient manifestations and degrees of the same reactions 

With the maturation of the fibroblasts and their elongation along the 
fibrin fibrils uniting the vound surfaces, and the development of collagen 
fiheis fiom the elongated fihi oblasts, theie takes place the change from the 
lag period of no appieciable tensile strength m the wound to the second 
phase of vound healing, the peiiod of fibroplasia, characterized by a sudden 
and lapid increase in tensile stiength Harvey and Howes,*’ i n their many 
contiihutions to the study of the ten sHe strength of wound rep air, have 
enabii shed wound liealmg on a liim physiologic basis and have given sur gery 
the soundest and the simplest lationale for the management and technic of 
wound lepair J mr the tensile stiength of the wound is what really matters, 
both m the rapidity and peimanency of its accomplishment 

From the nrartiral sni giral ■qt;indpQu3i-l-hft-]apL-pftniof.Li.c-rIir‘...iii<prv aLbpfwepn 
the receipt of the wound and the beginning o f tensile, strength, diinnp^ which 
tim e the wound surfaces have, to. he held together hv mechanical means, by 
s utures, by splinting, or by constantly maintnmerLpi.psmire. These measures 
must he cairied out with the least damage to the wound sui faces and border- 
ing tissues, maintenance of maximum nutiition, adequate blood supply, mini- 
mum foreign body leaction, and maintenance of rest by immobilization of 
the damaged tissues This is the period of wound repaii where the surgeon 
can contribute constiuctively oi desti uctively by the intelligent employment 
of his art 

It is in his efforts to insure and maintain wound lepaii that the thought- 
less surgeon makes his most common mistake by suturing the wound edges 
and individual la3'eis too tight^^ — and with sutuie material out of all pro- 
portion to the holding strength of the tissues An3'one who has studied the 
vascular bed of the peritoneum or of muscle by mici omanipulation technic is 
aware of the minute amount of piessure necessar3' to obstruct or obliterate 
the blood flow m the capillaiies and the aiteriovenous channels Undue 
tension in the sutures will cause vide zones of anemic, even ischemic tissue, 
thus piolonging the lag peiiod, by increasing the 13’^tic process in the wound 
In no field of surger3^ is this factor of tension ischemia better illustrated 
than 111 intestinal anastomosis Fortunatel3'^ the peiitoneal la3'^er, because of 
Its very rich capillary bed, is tbe surgeons’, as well as tbe patients’, best 
friend The recent intioduction of the Miller- Abbott tube as a preoperative 
measure in resections of the small intestine and m right-sided colectomies, has 
reduced the mortality following these major proceduies 50 per cent — all due 
to the fact that the bowel is deflated before and after the anastomosis, thus 
removing that ominous factoi of tension 

It is 111 the understanding of the systemic factoi s of wound healing that 
the most recent advances have been made In this field the science of surger3'^ 
adds immeasurably to the art of wound repan Attention is called to these 
factoi s outside of the wound in the management of repair 

(i) Age Influence — Clinicall3q it has always been known that wounds 
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heal more rapidly and firmly m the young than m the old DuNouy' demon- 
strated a faster rate of wound healing m young animals, and Howes and 
Harvey® found m young rats an eaiher onset of fibioplasia, a lessened letarda- 
tion, and an earlier termination of the process It becomes the more important 
to maintain tissue nutiition and avoid the local deleterious factors of infec- 
tion and foreign bod} reaction m repaiiing wounds m the old patient and m 
senescent, poorly nourished tissue 

(2) Nonnal Fliad Elect) olyte and Piotem Balance — The symposium 
that IS to follow this address is evidence of the interest of the surgeon of 
to-day in this exceedingly important factor in tissue metabolism and tissue 
repair Overhydration may cause as serious disturbance in wound healing 
and prolongation of the lag period as dehydration, for edema definitely delays 
the onset of fibroplasia Extreme degrees of dehydration, as seen m pro- 
longed or seveie fluid and electi olyte loss, deplete inteicellulai fluid and may 
distuib the iiiti acellular salt and fluid balance, which a\i11 threaten not only 
local wound healing but the individual himself Methods, now perfected, for 
determining fluid and salt balance aie essential m following the course of 
patients operated upon aftei, or with severe fluid loss fiom hemorrhage, 
fistulae or prolonged increased temperature These same deteiminations of 
hematocrit and plasma specific gravity and acid-base ratio should be deter- 
mined m Older to avoid overhydration 

Protein deficiency, seen m hypoproteinemia, may be caused by piolonged 
protein staivation, or protein loss following hemoirhage, inflammatoiy 
exudate oi fistula drainage Hypopioteinemia, because of the reduced laige 
moleculai content of the blood, results in fluid loss fiom the capillary bed 
into the intercellular spaces and intercellular edema Ravdin*^ and his asso- 
ciates have demonstrated abdominal wound disiuption m ovei 70 pei cent 
of dogs operated upon 111 the piesence of hypoproteinemia The wound 
edges in peiiods after A\ound closuie were soggy AMth edema and, in some 
instances, shoived no evidence of fibroplasia at the seventh and fourteenth 
days The wound surfaces were held togethei only by the silk sutures em- 
ployed in the closure In wounds sutuied Avith catgut only the knots were 
left, in others no remnants of catgut could be found Unfoitunately, we 
have all noted this same pictuie m disiupted alido minal wotni ds m depleted 
patients It is essential to deteimme the blood pfo^i level in the cachectic 
or depleted individual before opeiation and to piececmsiir-geiy with measures 
diiected tow'aid laismg the piotein content to normal R^ia tiansfusions 
and, wdienever possible, because moie effective, the Millei Abbott tube 
should be employed foi admmistenng spht-protein pioducts which the^atient 
cannot take by mouth 

(3) 01 Dial Niit)itional Balance — Protein maintenance, aside from its 
effect on mteicellular fluid, is necessary to piovide cellular nutrition The 
mannei in which tissues obtain then nitiogen and build up their new pioto- 
plasm still remains a imstei} but the fact is that tissues m the wound requiie 
piotein as well as the tissues elsewhere Clarke'’ was the fiist to study the 
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effect of diet on the healing wound It is inteiesting that the type of diet 
employed influenced the total period of healing pi opoi tionately as it affected 
the latent peiiod — a high piotein diet eliminated the lag peiiod, wheieas a 
high fat diet piolonged it to six days 

Heiimannsdoifei^^ claimed that an acid diet excited a maiked effect m 
hastening wound healing, on the giound that bacteiial giowth is inhibited, 
wheieas on an alkaline diet the wound swarmed with bacteiia, and was 
accompanied with a foul exudate Reimeis and Winkler^- produced an 
acidosis 111 dogs, through the administration of ammonium chloiide, and 
found a definite shortening of the period of wound healing 

(4) Vitamin Balance — Of the enoimous amount of research undei taken 
to establish the role of the maii}'^ vitamins in tissue metabolism, two vitamins 
have enieiged as being of special significance m relation to wound healing 
Vitamin C — It is now well-established that iiitercellulai substance in gen- 
eral, and especially 111 the capillar}'- bed, and the collagen of all fibrous tissue 
lequire ascorbic acid foi their production and maintenance Hojer^® found 
an atiophy of connective tissue in scorbutic guinea-pigs, and was the fiist to 
call attention to a geneial deficiency in collagen formation Wolbach,^** in 
this country, has confiimed these findings and has shown tliat ascorbic acid 
IS intimately concerned with the synthesis and maintenance of intercellulai 
supporting substance This is of special significance m the capillary bed 
where lack of or deficient mteicellulai cement substance lesults in hemorrhage 
into the wound space and m the bordering tissues prolonging the lag peiiod 
Lanman and Ingalls,^® and Taffel and Harvey^® have shown by animal 
expeiiments that not only C avitaminosis but paitial vitamin C deficiency 
causes a prolongation of the lag period and delays the return of tensile 
strength because of insufficient collagen fibei formation 

Methods of detei mining vitamin C in the blood aie still inaccuiate and are 
being refined This accounts for the conflicting lepoits by woikers in this 
field There is still some uncertainty as to the length of time man can lemain 
C-vitamm depleted before showing signs of scurvy, but the role of vitamin C in 
the formation of intei cellular substance and collagen seems definitely estab- 
lished 

It IS the partially deficient vitamin C state that is seldom suspected or 

anticipated Holman^’^ found that 44 pei cent of the "lun of the mill” 

patients m the Stanford-Lane Surgical Clinic waids weie deficient in vitamin 
C — and this in the land of the Sunkist orange Of 34 patients admitted to 
a London hospital,^® 14 showed evidence of vitamin C deficiency All those 
above 70 years of age showed relative deficiency It was also found that 
patients admitted for peptic ulcer therapy showed no vitamin C deficiency, 
but four days of a strict ulcer dietary regimen resulted in a deficiency of 

vitamin C This is a most important consideration in the preparation of 

patients, with ulcer or carcinoma, who have been on rigid diets, such as the 
Sippy regimen They should regulaily be tested for blood vitamin C content 
and not operated upon until the deficiency is corrected 
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Vitamin K — This moie recently studied vitamin has a very essential role 
in the control of hemorrhage m relation to prothrombin deficiency Of spe- 
cial significance, and hfe-saving, is the employment of vitamin K Mith bile 
salts in jaundiced or acholic patients This is so well-known now that it is 
geneially administered in all clinics Jaundice is the warning signal to the 
surgeon for vitamin K therapy 

(5) C'liciilatojy Imbalance and Anemia — ^With present day methods foi 
determining caidiac output and myocardial efficiency, the cardiovascular com- 
petence can be definitely detei mined before operation, and with direct donoi 
tiansfusion or bank blood transfusion there is no excuse for operating upon 
markedly anemic patients Hematocrit and blood plasma determinations 
have added tremendously to the scientific care of anemic and depleted patients 
before, duiing, and aftei operation 

The lag period is universal as a grow^th phenomenon It is seen m plant, 
fungous and bacterial growth, as well as in the growdh of cells in the repair 
of wounds Because it is the interval during wdiich the wound surfaces are 
held together by measuies other than the natural body tissues and piovided 
by surgical technics, this period is the surgeon’s concern Another most im- 
portant role of the surgeon is m keeping the wound clean When infection 
gams a footing the destructive stage of the lag period is piolonged or made to 
recur, wnth a coi responding delay m the fibroplastic phase The destructive 
phase of the lag period due to infection is the dangerous peiiod In the 
piesence of certain bacteria, such as the Beta hemolytic sti eptococcus or the 
colon gioup, the new^ei sulphonamide gioup of chemothei apeutic drugs pre- 
vent or shoiten w^ound infection befoie the limiting pyogenic membrane 
prevents the diffusion of the drug by the blood stream Local application of 
the crystals of these drugs promises real lesults in the control of bacteria in 
areas w^alled-off by pyogenic membrane or fibrmopui ulent adhesions These 
diugs pel se do not hasten but rather seem to delay normal primary wound 
healing accoiding to Biicker and Graham^*’ 

Every true suigeon cannot help being interested in w^ound healing The 
pioblems presented in the repair and management of the w^ound call for all 
the science as well as the art of surgery, especially in relation to the ciitical 
lag period of w^ound healing The art of surgery, based upon the necessity 
for pi eventing tissue damage and foieign body reaction, consists of the 
aseptic and hemastatic use of sharp knife dissection, delicate instuiments 
and fine suture and ligatuie mateiial that is not more than twuce as stioiig 
as the holding tissues We can do this much at least in not making the lag 
peiiod the dangerous peiiod in wound healing 
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THE STRUCTURE OF THE BLOOD IN RELATION TO 
SURGICAL PROBLEMS=>^ 

John P Peters, M D 

New Haven, Conn 

I HAVE CHOSEN to discuss some features of the tieatment of gastro- 
intestinal disoideis because these present, m the most exaggerated foiins, the 
chief pioblem of fluid regulation Before pioceedmg to particulais, however, 
I should like to touch upon certain general principles Fir§t, it is reasonable 
to assume that lepaiative processes will be favored by measures that will pre- 
seive the integiity of both volume and composition of the body fluids 

All the secretions of the gastro-mtestinal tiact are approximately isotonic 
with blood serum, that is, they contain approximately equal concentrations of 
chemical components Furtheimore, in all these secretions, as in the serum, 
sodium salts piedominate The chief acids m these fluids are chloride and 
bicarbonate, chloiide giving way more and more to bicarbonate in the descent 
through the alimentary canal These facts are illustrated m Figure i It 
follows that a liter of gastro-mtestinal contents is roughly equivalent, as far 
as sodium is concerned, to a liter of normal saline (An exception must be 
made of acid gastric contents, m which the sodium is partly replaced by the 
hydrogen ion ) On the whole, it may be roughly stated that secretions lost 
fi om the ahmentai y canal will contain, on the average, about o 5 to o 6 per 
cent of chloride, estimated as sodium chloride 

Fluids intioduced into the stomach or intestine lapidly assume a composi- 
tion which resembles, so far as salts are concerned, that of the native secre- 
tions of these viscera For example, when water enters the stomach or 
intestine, enough salt is poured into it to make it isotonic with the blood serum 
and the composition of the salt mixture assumes the electrolyte pattern char- 
acteiistic of that portion of the alimentary canal in which it happens to be 
If, therefore, a liter of watei or saltless fluid, intioduced into the intestine, 
IS lost by vomiting or thiough a fistula, it aviII remove with it approximately 
the salt fiom one htei of serum 01 interstitial fluid Under these circum- 
stances the salt concentration — and consequently the osmotic pressure — of 
the body fluids will fall Within limits, the body reacts on behalf of osmotic 
pressure by excreting an equivalent amount of water through the kidneys 
The administiation of A\atei by mouth, undei these circumstances, becomes, 
paradoxically, a dehydrating measure 

The sequence of events can be illustrated by the example of pyloric sten- 
osis, represented diagi ammatically m Figure 2 A depicts the pattern of 
normal serum The vertical dimension of each column lepresents the con- 
centiation of bases 01 acids in the serum, while the horizontal dimension 
represents the volume of fluid within the bod)'- in which these are dissolved 


* Read before the American Surgical Association, Maj i, 2, 3, 1940, at St Louis, Mo 
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"Sumliir 4 

Tlie figures at the bottom indicate what propoitioii of the components indi- 
cated still lemains m the body at each inttrval Foi instance, at C 90 pei cent 



Serum Faodus Pylorus Duo T^o Jeiuourn Ileorr? Color? 

derxitr) creas , 

otoroach Intestines 


Fig I — The concentration of bases (cations) and acids 
(anions) in the serum and gastro intestinal secretions (Com 
piled from the literature) 

of the original body water remains, or 10 per cent has been lost The fiist 
event is the loss of chloride as hydrochloric acid m the vomitus, lepiesented 



, A 

Wdter per cent 

® 100 

90 

"" 25 

20 

Sodium 

100 

90 

TO 

70 

Cnioriae 

90 

90 

10 

60 

Bicarb 

12? 

100 

113 

105 

Urine reaction 

aiK 

aiK 

alk 

acid 


Tic - — Progressive changes in the chemical pattern of the scrum 
in the vomiting of pvloric obstruction The vertical dimensions of the 
columns represent concentrations of electrolvtes the horizontal dimensions 
volumes of fluid in the liodv The figures below the chart indicate the 
tpiantities of various components remaining m the bodv at each stage of 
the progression, in per cent of the quantities originallv present 

b\ the curved an o\\ on the right of A The sodium formerly combined with 
the chloiide is left behind to foim bicaibonate ^\lth COo The result is bicar- 

491 




JOHN P PETERS 


Annals of Surper> 
October 194 0 


bonate excess or alkalosis, i epresented in B At this stage, in oi der to restore 
a noimal seiuin pattern, excietion of chloride into the urine ceases, the 
kidney excietes an alkaline urine containing sodium bicarbonate This miti- 
gates or abolishes the bicarbonate excess Meanwhile the fluid content of the 
body has also been reduced The net effect, pictured in C, is the restoration 
of the noimal composition of the body fluids at the expense of volume (repre- 
sented by the narrowed columns) Although lo per cent of the chloride and 
10 per cent of sodium have been lost, because of the coincident discharge of 
lo per cent of watei the pattern appears almost normal As the vomiting 
continues, water being taken thioughout, a point is reached at which fluid 
can no longer be spaied The sodium concentration falls, as D shows, since 
bicarbonate is still sacrificed in the urine in behalf of the acid-base equilibrium 
to balance chloiide lost m the vomitus If the vomiting proceeds a little 
fuither a most anomalous condition ensues Despite increasing bicarbonate 
excess the urine suddenly becomes acid A state has now been reached, 
illustrated m E, in which no fuither loss of sodium is tolerated Acid-base 
equilibrium is forced to yield to the demands of osmotic equilibrium In this 
final stage dehydration, alkalosis, salt depletion and reduction of osmotic pres- 
sure are all combined 

A similar series -of figures could be drawn to illustrate the course of 
events m severe diarihea In this condition bicarbonate is lost in the stools, 
while chloride is excreted in the urine The end-result is a deficiency of 
sodium and bicarbonate with a relative excess of chloiide in the depleted 
body fluids 

The concentiations of sodium, bicarbonate and chloride in the serum give 
valuable information concerning the severity of vomiting and diarrhea and 
the extent of the consequent depletion of salt and water They also provide a 
check upon the efficacy of therapeutic measures — aimed to overcome these 
defects Determination of sodium is too difficult and time consuming for 
clinical purposes Since, however, as the figure shows, the sodium salts of 
serum consist almost entirely of bicarbonate and chloride, its concentration may 
be estimated with sufficient accuracy from the sum of the concentrations of 
bicarbonate and chloride 

There is reason to believe that body cells swell when the salt concentration 
in the body fluids falls, just as red blood cells swell m hypotonic salt solution 
Such swelling must seriously impair functional integrity The most obvious 
clinical effects of salt depletion and dehydration are shock and failure of 
lenal function, the latter manifesting itself m elevation of the blood non- 
protein nitrogen Subcutaneous or mtiavenous noimal saline usually lectifies 
the disorder, although hypertonic salt is to be piefeiied when salt depletion 
IS profound If enough is given to restoie the volume of the body fluids and 
to establish an adequate flow of urine the kidnej'^s will adjust the composition 
of the body fluids quite leadily 

These physiologic facts seem to have ceitain inescapable implications 
Fust, the alimentaiy canal is not lelieved of Avork by the introduction of 
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fluid, and especially water Second, efifoits should be diiected to prevention 
of distention lather than to decompi essioii of stomach oi intestines Third, 
if only physiologic isotonic solutions are introduced into the alimentary canal, 
dehydration and salt depletion will be minimized and the need foi parenteial 
fluids will be pi opoi tionally diminished 

The best way to lest the ahmentaiy canal is to give it nothing to do 
Foster^ and others have shown that if no watei oi food is given to dogs aftei 
ligation of the pylorus, vomiting ceases aftei a short interval If only enough 
saline is given parenterally to replace the fluid and salt lost m the initial 
vomitus these dogs live just as long as unopeiated dogs depiived of food and 
watei Is thei e any reason to believe that humans would not behave like these 
dogs if they were given a chance^ In meicury poisoning, although the whole 
gastro-intestmal tract is ulcerated and in itated to an extreme degree, complete 
withdiawal of fluids and food by mouth is succeeded almost immediately by 
cessation of both vomiting and diaiihea- The term “complete” permits no 
compromises noi exceptions, not even water in sips or ciacked ice 

illustrative case reports 

Case I — No A-1066 A male, age 14, on September 5, had a brain abscess 
drained After operation he was treated with sulfapyndine, and was given as much 
cracked ice as he desired He vomited with steadily increasing frequency After three 
days, although he had received, by infusion and hypodermoclysis, 7,500 cc of fluid con- 
taining 300 Gm of glucose and 20 Gm of sodium chloride, he presented the condition 
pictured in the second column of Figure 3 (the first column represents the pattern of 
normal serum) , namely, completely anuric, pulse 130, blood nonprotein nitrogen 90 mg 
per cent, serum proteins 9 3 per cent denoting ex- 
treme hemoconcentration Serum chloride was re- 
duced to 69 mg per cent (30 per cent below' nor- 
mal) , bicarbonate W'as approximate!}' normal All 
food and fluids, including ice, by mouth, were 
stopped and he was given parenterally 6,500 cc of 
W'ater containing 125 Gm of glucose and 64 Gm of 
salt Vomiting and hiccough ceased at once Within 
24 hours the pulse had fallen to a normal rate, the 
nonprotein nitrogen had dropped to 46 mg per cent 
and he w'as voiding freely Serum chloride and 
bicarbonate had been restored At the end of three 
davs, during which he vomited only 10 cc , the 
nonprotein nitrogen w'as normal (28 mg per cent), 
and the serum proteins had fallen to 6 8 per cent 
A liquid diet w'as given that day and on the next 
he W’as able to take a soft diet 

Case 2 — No A-60S08 A male, age 43, be- 
cause of hemorrhages, and slow’ perforation of a 
gastric ulcer, was subjected to plication of the ulcer 
and gastro-enterostoni} Two years later after iW’O 
weeks of increasing pain and \omiting, culminating 
in hemorrhage, he w'as readmitted to the hospital 
with signs indicatne of slow’ perforation again 
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With nothing by mouth, he vomited only 20 cc in four days, but vomited increasingly 
when a Sippy dietary regimen was given for three days When everj thing was withheld 
again by mouth he vomited only 30 cc in three days , but once more vomiting returned 
when he resumed fluids In each instance, with the cessation of vomiting, other symp- 
toms disappeared Dehydration was relieved and thirst allayed by parenteral administra- 
tion of moderate amounts of fluid containing salt (Needless to say, operation was 
resorted to when conservative treatment proved ineffective ) 

It has been possible, in a few cases, to piove that the vomiting resulting 
fiom pyloiic obstruction will respond to withdrawal of food and fluids It 
may be necessaiy foi the first day 01 two to empty the stomach if it becomes 
distended , but thei e is no appai ent advantage in lavaging the stomach, nor 
111 leaving in the stomach a tube 01 fluid to stimulate secretion Before any 
such proceduies aie instituted the moie physiologic process of lest should be 
given a leasonable tiial 

If inlying tubes aie used, howevei, to leheve distention, any fluid intio- 
duced into the alimentaiy canal through them should contain enough salt to 
make it isotonic with blood seium, especially if the stomach or intestine is 
obstiucted or contains a fistulous opening To give water by mouth or tube, 
and saline parenterally, is not equally satisfying It is next to impossible to 
establish salt and watei equihbnum or a positive balance by this method, 
even if it were not unduly distiessing to the patient The introduction of 
watei into the obstructed bowel or stomach seems to piovoke the excietion of 
fuithei fluid as well as salt 


Case 3 — No A-2S125 A female, age 43, who had previously undergone a pelvic 
operation, entered the hospital with symptoms and signs of intestinal obstruction of four 
days’ duration Her fluid and salt balance are roughly presented m Table I Fluids were 
measured The salt intake is known On the basis of other studies, it is estimated 
that the drainage from the stomach contained chloride equivalent to 06 per cent of 
sodium chloride, while the urine contained no chloride The chloride excretion is, 
therefore, probably underestimated A Wangensteen tube was introduced, and for two 
days onlj, small amounts of saline were administered During the same period 5,500 
cc of water containing 27 Gm of salt were administered parenterally Drainage 
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through the Wangensteen only slightly exceeded the fluid introduced through the tube 
Positive water and salt balances were established , dehydration was alleviated , and 
urine volume was adequate The condition seemed so favorable that on the third day 
parenteral fluids were omitted while nutrient fluids without salt were given by mouth 
Although only 3,400 cc of salt free fluid were given this wav, drainage from the Wangen- 
steen increased from 3,300 to 9,500 cc — 1 e , by 6,200 cc There was a negative water 
balance of almost five liters, and an estimated salt deficit of 40 Gm The urine v'olume 
fell sharply The next day drainage rose to 11 liters The following day, by the ad- 
ministration of 3,000 cc of saline parenterally, the urine volume rose to one liter, and 
slight positive balances of water and salt were established At the end of the five days, 
serum chloride was only 78 m eq (25 per cent below normal, bicarbonate was 37 meq ), 
10 meq above normal There was a total salt deficit with alkalosis The blood non- 
protem nitrogen was 45 mg per cent (distinctly elevated) , the serum proteins were 7 2 
per cent (evidence of dehydration in one who was undernourished) 

On the following day, by the parenteral injection of an enormous amount of saline 
(65 liters). It was possible to turn the tide The balance of water was barely positive, 
if insensible perspiration be ignored But at what expense ' All the fluids that entered the 
mouth, and most of that given by vein or under the skin, were recovered in the Wangen- 
steen drainage Contrast this with the next two days When saltless fluids by mouth 
were again withdrawn, the drainage diminished at once bj' 6,100 cc , although the fluid 
given by mouth and tube was reduced only 2,500 cc The next day she received only a 
little cracked ice by mouth Drainage remained small At the end of this period the 
general condition of the patient was gi eatly improved , urine flow was adequate , blood 
nonprotein nitrogen normal (26 per cent) , the serum proteins had fallen to 67 per cent 
Serum bicarbonate was normal, chloride distinctly elevated (to 115 meq) This hyper- 
chloremia must not be regarded as a sign that too much chloride has been given, but 
rather that dehydration has not been entirely overcome The patient had probably 
stored little water, if account is taken of the insensible perspiration, but she had retained 
large quantities of salt I may add that the intestinal obstruction was overcome without 
operative intervention 

Table II summarizes the published data^ from a patient with obstruction 
of the ileum who was decompressed and fed by means of the Abbott-JMillei 
double tube The authors imply that loss of water and electrolytes was pie- 
vented In actual point of fact, the positive water balance for the four-day 
period was not more than large enough to provide foi the losses that must 
have been incuned through the urine and insensible perspiiation The drain- 
age from the tube fai exceeded the fluid mtioduced through the tube and 
washed out all the salt wdiich w^as given by vein Less w'ater and salt might 
have been lost in the diamage if the fluid given by mouth had contained salt 
The procedure was particularly unpliysiologic in this case, since Dennis'^ has 
show^n that w^atei has a pecuhaily injurious effect upon the mucosa of the 
ileum 

The following case illustrates a somewdiat different phase of the same 
pi oblem 

Case 4— No A-75015 A female, age 19, with ulcerative colitis and poljposis of 
the colon, w’as admitted wnth a recurrent perirectal abscess and fecal fistula which necessi- 
tated an ileostomj She w'as greatly emaciated, w'eighing less than 80 lbs All attempts 
to improre her condition were unavailing because of the amounts of food and fluid w-hicli 
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Tablc II 

FOUR days’ intestinal OBSTRUCTION 
(Abbott and Miller)^ 

Fluid in 


By mouth 

By vein 

19,525 cc 
10,930 ” 

Total 

Drainage 

30,455 ” 

23,400 ” 

Balance 

Balance per day 

7,055 ” 

Salt (as NaCl) in 

By mouth 

By vein 

9 7 Gm 
106 9 ” 

Total 

Drainage 

116 6 ” 
111 I ” 

Balance 

5 5 ” 


Balance per day i 4 Gm 


escaped through the ileostomy Moreover, salt depletion could only be prevented by 
frequent parenteral injection of saline Finallj^ ivithout changing her diet, which con- 
sisted of high caloric low residue foods, she was given in addition enough i to 3 per cent 
sodium chloride solution to drink to make all the food and fluids which she took 
isotonic with the blood serum Within three days the discharge from the ileostomj, 
which had varied from 1,000 to 1,500 cc daily, fell to from 400 to 800 cc At the same 
time serum chloride and bicarbonate became normal Bj the end of seven months she 
weighed 120 lbs , a gam of 40 lbs There has not yet been an opportunity to repeat 
this procedure to learn whether it will succeed m other patients with intestinal fistulae 
But It seems logical that by making the nutritive fluids which enter an irritable or irri- 
tated intestine isotonic with serum by means of sodium chloride, hypersecretion and 
hyperactivity may be reduced and absorption promoted 

CONCLUSION 

Distention and vomiting, eithei before oi after operation, may often be 
allayed or checked by resting the gastro-intestinal tract as completely as pos- 
sible Complete lest is most easily achieved by withholding all food and 
fluids by mouth If drainage by tube 01 lavage is instituted because this 
course or the courage of the physician fails, care should be taken that as little 
fluid as possible is intioduced and that all food or fluid given by mouth or 
through the tube contains enough salt to make it isotonic with blood serum 
This allays secretory and motor activity of the gastro-intestinal tract and miti- 
gates dehydration and salt depletion If the sum of bicarbonate plus chloride 
in the serum is reduced, saline should be administered parenterally to restore 
the fluid and salt content of the body Glucose may be added to the intrave- 
nous saline to piovide some nutrition and to reduce protein metabolism It is 
unnecessary, however, under these circumstances, to administei large amounts 
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of fluid paienterally Only enough is required to establish an adequate volume 
of urine The patient who is excreting i,ooo to 1,500 cc of urine daily is 
seldom a subject for anxiety 
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THE PliESERVATJON OF BLOOD 

David C Bull, M D , 

\ND 

Charles B Drew, M D 

New \oniv, N \ 

rnOM Tin DU MITMINT OP bUIlCLin COI I 1 GE OI- IinsiCMNb \ND SIHCFONS COIUMIUV UM\HISIT1 VND Tlir 

PDI SmTFHMN IIOSIITID MB lOHK N ^ 

\\^iiEN THE Pklsbvterian HOSPITAL v as coiisicleiing the establishment of 
a Blood Bank, theie was a demand foi data as to what might he expected of 
pieseived blood It was appieciated that while the ultimate verdict would 
come fiom the clinical experience of its use, something of its potential dangeis 
and benefits could be learned by piehmmary wmik m the laboratoiy Studies 
weie, theiefore, undei taken to find out wdiat changes take place in preserved 
blood and the best methods of pieseiving it This communication will sum- 
maiize some of the findings but wnll of necessity omit description of methods 
calculations, and other details 

To follow'’ the detei loiation of the cells, complete blood counts w^eie made 
daily on blood pieseived in a i efi igeratoi at 4° C, wntb hepaiin as the anti- 
coagulant A similar senes was made on citiated blood The red cell counts 
vaiied, of couise, but then mean remained about the same foi 30 days in the 
hepaimized blood In citiated blood theie w'as little change dining the fiist 
15 days, then a slow' loss of from one to one and one-half million cells by the 
end of the month Accoidmg to Pondei, this loss is unimpoitant from a 
functional standpoint, as the capacity of the stored blood to cairy oxygen le- 
mains unimpaiied The hemoglobin level remained constant, although m- 
ci easing amounts of it up to 25 pei cent iveie to be found in the plasma 

The mean cell diametei of the red cells steadil)' deci eases fiom a base 
value of 7 6 to 5 8 microns at 35 days The late loss could be due to escape 
of hemoglobin but this cannot account for the shrinkage of the first w'eek w'hich 
must depend upon salt and w'ater loss 

Philip Levine- has submitted some inteiesting data on the length of life 
of a tiansfused led cell m the lecipient Identifying the donoi cells in the 
patient by means of the gioup specific factois M and N, he found that cells 
stored 3 10, 01 14 days suivned foi 80, 60, 01 20 days, lespectively, as 
compared w'lth cells of tresh blood, w'hich lived over 95 days 

Volume index also deci eased piogiessively — paitly, peihaps from the dis- 
appeaiance of w'hite blood cells but mostly fiom the shnnkage in size of 
led cells 

The W'hite blood coipuscle total count fell 50 pei cent duiing the fiist 24 
houis, and by the sixteenth day the cells remained only as smudges 01 amor- 
phous masses Polyinoiphonuclear leukocytes changed eailiest and disinte- 

* Read before the American Surgical Association, St Louis, Mo , Maj i, 2, 3, 1940 
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giated most lapKll3^ but eosinophils and basophils weie lecognized distinctl}^ 
as late as the thirt} -fifth da} 

The thiombocyte count fell lapidly to a low level, neai ^\hlch it lemamed 
for 15 da}S The platelets of blood pieseived in citiate solution had a slightly 
slow ei initial fall Detei minations of ei ythi ocyte fi agiht} gave poor end-pomts 
It was clear, howevei, that cells on the tenth day w^eie less lesistant than on 
the fiist, and still less resistant on the thiitieth 

With these data in mind it is appaient that the led cells of pieseived blood 
can be depended upon to function satisfactoi ily To tiansfuse stoied blood 
foi the sake of its wdiite cells 01 platelets, how^evei, wmuld be a ciuestionable 
pioceduie If we think of the immune factois of blood as being associated 
woth them then the use of fiesh blood foi infection wmuld be moie logical 

The piothiombin percentage, as measuied by the Quick method, after a 
piompt initial fall lemains at 50 foi a long peiiod In many cases this amount 
would be inadequate 

Of the seveial electiolytes of the blood, potassium is impoitant as the chief 
mineial base of the led cells, m the serum, howevei, only one-tw^entieth of 
the amount in the cells is found As has been observed befoi e plasma stand- 
ing m contact wuth cells tends to be eiiiiched woth cell potassium On measui- 
ing this dilifusion process it w^as found that the use of plasma potassium begins 
immediately the blood is wuthdrawm, continues at a lapid rate foi the fiist few 
days, and then moie slowdy until equihbiium is established This does not 
depend upon contamination 

Vaiious piesenatives modify the time at wdiich hemolysis begins, and one 
(Peytoii-Rous mixture) actually prevents it But none of those lecommended 
preients potassium diflfusion The best lecoid w^as made by a mixtuie of o 3 
Gm of sodium citiate pei 100 cc The difference m lates at wdiich cells lose 
potassium and hemoglobin show's that the latter is not a very sensitive criterion 
of cell detenoiation Neatly one-half the potassium had escaped fiom the 
cell befoi e any of the larger hemoglobin molecules w'eie lost Theie is a leal 
inciease of plasma potassium as the lesult of shaking In fiesh blood this is 
not as pronounced as it is a few' days latei Unavoidable transportation of 
pieserved blood should be undei taken immediately rathei than when it has 
become seveial days old 

While the mateiial of the containei was not pioved to be of impoitance 
the shape exerts a definite effect Blood in an Eilenmeyei flask, foi example, 
show s a moi e 1 apid rise in plasma potassium than blood 111 a test tube , m fact 
the late of potassium diftusion vanes as the diametei of the area w'heie cells 
and plasma aie in contact 

Iincstigation ot placental blood b} similai methods re\ealed that potassium 
lea\es the cells at much the same late Anothei similaiity was the superiority 
of an 031 pei cent sodium citiate solution o\ei the Russian citiate compound 
as a pieser\atne Judged hy their rate of potassium loss, cells of placental 
blood detei 101 ate about as do adult cells 

Oui interest m potassium was not puiely as an index of loss of vitalih of 
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red cells, but also for its possible toxicity The intravenous minimum lethal 
dose of potassium for man is not known, and the acceptance of animal toler- 
ance as a guarantee of safety is admittedly fallacious unless a comfortable mar- 
gin of safety is provided By analogy, then, three to five liters of blood with 
plasma containing loo mg per cent could cause the death of a healthy adult 
However, animal tolerance for a potassium infusion is increased many times 
by administering it slowly It is unlikely that so much blood would be infused 
except very slowly as a drip, and improbable that any harm would result 

In patients whose excretion is handicapped or whose serum potassium is 
already high, care m the use of aged blood is advisable Particularly in hemor- 
rhage and shock, where the tendency is to transfuse large amounts rapidly, 
one should use caution oi fresh blood 

The highei values of plasma potassium in cadaver blood are striking At 
the time of collection it is found at levels found m pieserved blood on the fifth 
day This could be due m part to the disease which produced death Another 
factor IS temperature Diffusion of potassium is much more rapid at 38° than 
at 4° C , and a cadaver is not chilled as suddenly as is blood under the usual 
conditions of preservation A furthei possibility is the formation of ammonia 
from bieakmg down of body proteins Ammonia could increase cell perme- 
ability, as It does in certain plant cells 

Ammonia nitrogen is found in infinitesimal amounts in noimal blood but 
uses rapidly in the first few minutes of exposure to air It continues its 
marked rise foi four days, to reach the level of i mg per cent, where it 
remains until the tenth day 

The direction taken by the sodium ion is the opposite of that of potassium , 
the plasma sodium deci eases as potassium rises Evidently it diffuses from 
the plasma into the cells 

These changes due to diffusion depend upon the peimeability of the cells 
The process could be slowed if the increasing permeability of the cells could 
be retarded The possibility that ammonia is in some measure responsible 
for this phenomenon suggests the use of carbon dioxide to slow ammonia pro- 
duction 

Comparison of blood collected under carbon dioxide for changes 111 potas- 
sium, sodium, ammonia-nitrogen, and pu with a control specimen withdrawn 
m the air demonstrated that carbon dioxide is effectual m retarding the 
changes in the concentration of these bases and maintains the pn nearer 
neutral 

The plasma calcium content lemains constant for nine days even when 
shaken Magnesium diffuses into the plasma so slowly that the amount ac- 
cumulated in nine days is too small to have any toxic effect Moderate 
trauma does not materially increase the rate 

Of the anions, the fall of plasma carbonates and chlorides and the rise 
of phosphates are apparently innocuous 

The statistics of reactions following transfusion cannot be briefly presented 
because of the necessity of detailed information as to criteria and technic 
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However, with these two factors constant, only one difference in the incidence 
and seventy of reaction between fresh citrated and stored citrated blood need 
be anticipated, namely, jaundice This is transient and asymptomatic but 
frequently follows use of blood stored for nine or more days 

The outstanding changes of clinical interest taking place m stored blood 
are its loss of white blood cells and platelets, its increase 111 plasma potassium, 
and decrease in piothrombin For most purposes it should give results com- 
parable with fresh blood, for infection, prothrombin deficiency, and shock it 
would be inferior Intelligently employed during the first week of storage, 
it need be neithei dangeious nor disappointing 
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THE STABILITT OF PLASMA PROTEINS 

John Scudder, M D 
New Yohk, N Y 

rnoM TiiL LVAOinToniFs or tiil iiockfifilph institltf ron medicvi nESFvncir new loni \ i 

The preparation of an aitificial fluid medium which could be used for 
pel fusion eNpeiiments was suggested by the Fiench physiologist, Le Gallois, 
in 1812 To-day, the increasing inteiest m plasma transfusions signifies a 
neaiei approach to this ideaU The advantages of plasma are many It is a 
more stable S3'stem than blood , because of its buffei capacit)'^, it is superior to 
acacia, glucose, and salt infusions, its ionic content is of physiologic piopoi- 
tions, it contains ceitain 01 game substances necessaiy foi maintaining pioto- 
plasinic iiritability, and, 111 addition, it possesses pioteins which are concerned 
with mnumeiable functions of the body economy 

In iS/i, Bowditch, working in the laboratoiy of Carl Ludwig, obseived 
the gieatei efficacy of serum as a pei fusion fluid He saw^ a Log’s heart, 
winch had been aiiested by salt, revived by seiuin 

Ringei at fiist disagieed that serum possessed any attiibute other than 
that due to the presence of the salts in balanced piopoition Latei, how'^evei, 
he admitted that even a fiog’s heart bi ought to a standstill by physiologically 
coirect salt solutions could be revived tlnough serum infusions 

Both plasma and serum lestoie the 111 liability of protoplasm This is 
not peculiar to the vegetable kingdom (a)t but applies also to the heait muscle 
of both cold (b)f and rvaim (c)t blooded animals Other substances shaie 
in this lestoiativc action such as milk,^” gastiic juice,®- digested peptones, 
milk wdiey,-® egg white, and gelatin ‘Wieland,’’® in 1921, confiuned this 
action of serum and demonstiated that sui face-active agents such as sodium 
oleale, ethei , xylol, camjflioi , and animal chai coal coi 1 ected the hypodynamic 
state of the excised fiog’s heait through adsoiption of the accumulated meta- 
bolic pioducts 

This activating substance is soluble in w^ater or dilute alcohol and is 
01 game in nature Heating the plasma 01 cooking the seiiim lessens the 
lestorative effect®® It is not lemoved by ethei Its widespiead distnbution 
in both the vegetable and animal ceils is of provoking inteiest 

To-day, the piogiessive deterioiation of preseived whole blood has be- 
come appaieiit On the othei hand, the stability of pieserved plasma is now 
recognized Theie are ceitain advantages of plasma®-* ovei wdiole blood, espe- 
cially ovei blood stored too long 

* Read before the American Suigical Association, St Louis, Mo, Mav i, 2, 3, 1940 
T (a) Leeched Nilclla cells 

(b) Toad,” frog,' turtle” « 

(c) Cat,-' ” dog,^^' ” rabbit •‘® 
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Ambeison,-^ in his levle^^ of the liteiatuie on hlood suhstitutes, has pointed 

out some of the advantages of plasma 

Plasma Is Noiiaiiiigeuic —The acid pioteins of the eiythiocyte mem- 
hiane^^ as well as hemoglohm have been shown to he antigenic Foi this 
leason lepeated tiansfusions aie at times dangeious Repeated plasma tians- 
fusions have been given without anaphylactic leactions^^ Thus plasma may 
he safer than blood 

Plasma Is Less Toxic — Theie have been many untowaid leactions with 
seium In dogs, the use of concentiated seium has given rise to shock- and 
to se^eie chills-^ The leactions become giavei with the use of heteiologous 
seia-is V, 7s ^at, following such seiums a deciease in blood piessure, 

togetbei with changes m the livei , kidneys, and lungs has been noted ^ In 
labbits, Rous and \\ ilson'® have reported the development of livei necrosis 
following the injection of hoise seium In man, Ravdm, Stengel, and Pru- 
shankim^ have obseived seveie leaction following the infusion of lyophiled 
seium and have cautioned against its use Stiumia, Wagnei, and Mon- 
aghan®® ®' hare abandoned altogethei the use of seium and noted freedom 
fiom reactions rvith plasma Sudden death m man has been noted after the 
injection of serum 

What gives use to this differ ence betrveen seium and plasma is not knorrii 
Biodie® suggests that the active substance is a pioteid of the albumin class 
which IS coagulated at 86° F This active substance is only produced rvhen 
blood clots, and the interaction of the blood coijruscles is necessary in its 
foimation ® Seium obtained fiom plasma is inactive,® whereas seium sepaiated 
after clotting may cause seveie reactions®® 

Availability — Tyj^e AB plasma, which is fiee fiom agglutinins, or such 
plasma artificially made by mixing Types A and B bloods and lemoving the 
plasma,^^ can always be kept on haird for emeigency use The administra- 
tion of untj^ped plasma^® ®® ®‘ ®® may not be free fiom danger,'*' espe- 
cially 111 those cases rvhere the titei of the plasma is high and the recipient is 
markedly anemic 

St 01 age — Whole blood deteriorates rapidly,®® plasma has been preserved 
foi months Des ccated plasma earned out by the Ijmphile process*^" 

or cryochem-pi ocess-® may extend the period of pieseivation for years 
Whether this will hold true for the plasma dried at body temperature, as re- 
cently suggested by Edw^aids, Kay, and Davie,^^ lemains to be seen These 
methods concentrate the mateiial wdnch may be given m either dilute or con- 
centiated foim®® 

Doses — Filatov and Kaitasevskij^® use from 150 to 250 cc of jilasma as 
a hemostatic and 300 to 350 cc m shock Stiumia, ct al , report 500 cc as the 
average amount with a lange from 250 to 700 cc m the treatment of shock 
ManiP® recommended a dose of 20 cc per Kg Recently, 20 Gin of the dried 
powder m 250 cc of distilled w^atei has been advocated 

* Personal communication from Dr Karl Landstemer 
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Electrophoretic 
protein patterns 



Fresh serum Fresh plasma luetic plasma 
(6) (1) 4 



17 days 16 days 18 days 

( 11 ) ( 10 ) ( 12 ) 

Fig I 
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Fresh plasma 18 days 22 days 
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A few of the functions of plasma piotems aie outlined in Table I The 
vaiious pathologic conditions benefited plasma aie listed m Table II 

The puipose of this investigation is to leexamme these plasma pioteins, 
and to asccitaiu which factois govern then stability and enhance then piesei- 
vation 

Table I 

A FEW FUNCTIONS OF PLASMA PROTEINS 

Antibod}" formation 
Blood pressure increase 
Blood volume maintenance 
Capillary permeability control *- 
Capillary pressure ^ 

Capillary tone 
Clotting 
Diuresis ^ 

Edema prevention 
Hematogenesis 
Immunity ““ 

Irritability of cardiac muscle restored " ’’ 

Irntability of leeched Ntlella cells restored 
Kidney function, restored m nephrosis ® 

Organ culture 
Protection against drugs ^ 

Protection against shock 
Protection against toxins 
Stabilizing factor 
Tissue culture 
Vital 

Wound repair 

xAlbumin — IM artius"^ attiibuted to serum albumin the piopeity of lestoi- 
mg cardiac iintability in the pei fused fiog’s heart This has been disputed 
A less disputed fact is that the smallei alliumm molecule is four times as 
active pei giam as the globulin m i elation to osmotic piessuie^^ Stalling'’’* 
established the endosmotic equivalent of albumin as the factor m mamtammg 
capillaiy piessuie The importance of albumin m edema foimation has again 
been emphasized*’* **■* Follownng plasmaphai esis, the legeneiation of al- 
bumin IS slow^‘* aftei a short eaily use** This may be accelerated Ity plasma 
infusion*^ A leversal of the albumm/globuhn latio is seen m ceitam disease 
conditions and m pieseived blood ■*** 

Globulin — By definition, globulins aie those 2:)iotems which are insoluble 
m w^atei but soluble m dilute solutions of neutral salts In plasma, theie aie 
foui principal globulin components as judged by mobility determinations Al- 
pha globulin is increased in inf ections the mciease m beta globulin may be 
due to a labile hpopiotein ,’*• the gamma globulin is associated wnth an mciease 
m antibodies, wdiile fibimogen is associated wnth clotting von Ott™ faded to 
get good lecoveiy of caidiac iiiitability wnth pei fusion of globulin thiough the 
flogs heait In coiitiast to fibrinogen, the leformation of globulin is slow 
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after its depletion, though faster than albumin In preserved blood, 

the inciease in the globulin^*^ has been attributed to the protein component 
from the ei ythrocyte membrane 


Tablc II 


PATHOLOGIC STATES BENPriTED BY SERUM OR PI ASMA TRANSrUSIONS 

Anemia ’’’’ 

Burns “ 

Chickenpox 
Cholemia 
Edema ^ 

Hemorrhage ^ « is n <i «! 

Bleeding gastric ulcer 
Hemorrhagic conditions 
Hemorrhagic disease of new born 
Postoperative hemorrhage 
Pregnancy i® 

Hypoproteinemic states 
Increased intracranial pressure 
Infections, acute hemolytic streptococcus 
Intestinal obstruction and strangulation 
Lipoid nephrosis ® 

Marasmus 
Mumps 
Nephrosis 
Nutritional edema 
Peritonitis ® 

Prematunty 

Scalds 

Scarlet fever 
Septicemia 

Shock ® ** 

Anesthesia 
Cold 2® 

Hemolysis 
Operation ®® 

Toxins 

Trauma 

Wound 

Whooping cough 
Wound repair 


Fibrinogen — Of the globulins, this appears to be the most homogenous 
Its formation is confined to the liver Foster and Whipple-^ 22 23, 24 
demonstrated that tissue injury is the most powerful stimulus to its formation 
and that, following depletion, its regeneration is complete in 24 hours This 
IS in contrast to the other globulins Livei injury definitely delays this re- 
generation Diet, especially cooked pig stomach, accelerates its production 
With Its depletion, celiotomy wounds heal very slowly “ 

Elechophoteftc Method of Analysis — ^Analysis of the various protein 
components in plasma have been unsatisfactory because of coprecipitation of 
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the albumin and globulin fractions That albumin-globulin sepaiation by the 
usual “salting out” methods is by no means sharp has been determined by 
means of the ultracentrifuge Tiselius demonstrated that the chemical 

uniformity of a protein could be established through electrophoretic measure- 

Electrophoretic patterns 
of preserved plasma 
from same donor 


j. . A. _ 

Fresh (3) 12 day old (8) 



20 day old (14) 28 day old(17) 

Four blood samples taken at 
different times, collected in 
2 5 per cent sodium citrate and 
stored in four tubes in electric 
refrigerator at 4°C Type A blood 

Fig 3 

ments Both Longswortlv” and Luetscher/® using these measurements of 
Tiselius,»o have reaffirmed the inaccuracy of the “salting out” process With 
the availability of this exact method, the nature and stability of the proteins in 
preserved blood can now be determined 

Procedure — Refrigerated plasma samples of varying ages weie obtained 
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fiom thiee difteient Blood Banks in New York City In addition, nme- 
fngeiated samples weie sent foi examination fiom Salisbuiy, Noitli Caro- 
lina Plasma was obtained also fiom the autopsy loom of the Presbyteiian 
Hospital and placental plasma fiom the Sloane Hospital for Women. New 
Yoik City The leason foi selecting the lattei two types of plasma is that 
such blood has been used foi tiansfusions To asceitam what effect die 
lyophile piocess has on seium pioteins, a sample of clued seium was supplied 
by Di I S Ra\din fiom Philadelphia 

iletlwd — The electrophoretic method of analysis of piotems has been 
lepoited 111 detail by Longsuoith and Macinnes In biief, a foui times 

diluted poition of plasma is dialyzed in a bag made fiom cellophane tubing 
constiucted in such a mannei as to give a large suiface to volume relation- 
ship The buffei vith a pn at 7 8 to 25° C consisting of o 025 JM lithium die- 
th} 1 barbiturate o 025 jM diethyl barbituric acid, and o 025 M lithium chloiide 
IS used The dialysis is earned out fiom 48 to 72 hours in a two liter flask 
containing fresh buflei at a temperatuie between 0° and 2° C in a theimo- 
statically controlled electiic refiigeiatoi Dining the dialysis some piecip- 
itate sepaiates out It is, theiefoie, necessaiy to cleai the protein solution in 
an angle centrifuge opeiated at 0° C befoie its mtioduction into the electro- 
phoiesis cell The pn measuiement is detei mined with the glass electrode 
of klaclnnes and Longswoith The conductivity cell is of special design^^ 
as well as the scieened budge used for the measuiement of electrolytic con- 
ductance The establishment of a Donnan ecpuhbnum is assumed wdien 
furthei dialysis pioduces no change in conductance of the piotem solution 
and the outside solution has the conductance of the 01 igmal buffei The man- 
nei of obtaining the piotein patterns and of computing the diffeient mobili- 
ties of the pioteui constituents has been published by Longswmrth, Shedlov- 
sk} , and Hacinnes 

Table IV 



Long'-worth 

Luetscher 

This Series 

Preserved 

Albumin per cent 

4 38 

4 06 

4 49 

3 73 

Albumin /globulin * 

I 85 

2 00 

2 25 

I 74 

Alpha globulin albumin 

0 12 

0 II 

0 10 

0 12 

Beta globulin albumin 

0 23 

0 21 

0 18 

0 23 

Gamma globulin albumin 

0 21 

00 

0 

0 17 

0 24 

Fibrinogen albumin 

0 09 

0 09 

0 08 

0 09 

Number of analj'ses 

7 

? 

6 

12 


* Estimated on serum basis 


Results The noimal tallies (Table HI) compaie wnth those lepoited 
by Longswoith. Shedlovsky, and Macinnes, and Luetschei (Table IV, col- 
umns I, 2, 3) In column 4, the mean values foi plasma pieseived 12 to 1^3 
da3s aie tabulated 

Discbssiox In compaiing the values for preseived plasma wnth the 
values foi fiesh plasma lepoited m this senes and in others, seveial points 
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may be made T)ie gieatest change appears in the deciease of albumin as 
well as a change in the components which constitute the albumm/globuhn 
latio Fnbiinogen appeals unalteied A definite increase appears in the 
gamma globulin This deciease m albumin and increase m gamma gloublin 
have been pieviously noted by Knoll •“* It is of mteiest that the tw^o speci- 
mens which had been kept m a specially designed bottle'^” showed the least 
changes 

In comparing the lefngerated samples wuth those that had been kept at 
loom temperatuie and had been shipped about the countiy, the greatest 
difteience is seen in the beta globulin fi action In the diagiam, the beta 
globulin distmbance (indicated by the thin sjiike in the beta globulin legion) 
IS absent and the beta globulin/albumm latio is decreased 

Both the autopsy seuim from the child and the plasma fiom the adult 
weie abnoimal The placental plasma appeared wuthin normal limits The 
I}ophilized seium presented an anomaly in that the beta distuibance was 
missing 

No conclusions can be diawn fiom this small series, ceitain indications, 
Jiow'evei, may be folJoived out Fust as to the source of the preserved 
blood Postinoitem blood appeals abnoimal, this may not apply to blood 
collected from those wdio have met sudden death Placental blood w^ould 
appear to be a normal soui ce foi consei ved blood Lyoplnled sei um appears 
abnoimal Refrigei ation seems to enhance the pieseivation of plasma as did 
the shape of the flask Possibly denaturation'*'’ of plasma piotems is 
sloivei undei these conditions 


SUMMARY 

(1) The lelationship of plasma to niitabiht}' of both vegetable and 
animal cells is reviewed 

(2) Plasma appioaches the ideal physiologic perfusion fluid, and is 
supeiior to acacia, glucose salt, and seium 

(3) Electiophoretic patterns of six noimal, 14 pieseived, and foiii mis- 
cellaneous plasmas aie presented 

(4) Refiigeiated plasma appeals to be stable and shows only minor 
changes up to 53 days’ stoiage The A/G latio declines, due principally to 
a deciease m the albumin component 

(5) Unrefiigeiated plasma, lyoplnled seium, and autopsy plasma appeal 
definitel)'- abnoimal 

Appreciation is heicwith expressed to Dr D A Maclnnes for both his help and 
encom agement in the conduction of these studies and to Drs L G Longsworth and T 
Shedloiskj for their aid and cooperation as nell as for permission to use some of their 
material To the authorities in charge of the Blood Banks at the kit Smai, Belle- 
vue, and Presbjterian Hospitals in New York, a debt of giatitude is expressed for the 
supply of the vaiious plasmas tested For the donation of the unrefrigerated plasma 
specimens which were shipped to us fiom Sahsbur\, North Caiohna, by Dr J Elliott, 
acknow'Iedgment is here made The l)ophiIed serum w'as supplied to us through the 
kindness of Dr I S Ravdin, of Philadelphia The opportunitj to conduct these studies 
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was made possible through a Fellowship from the Commonwealth Fund. New^ York 
In part, the expenses of this investigation were defra\ed through a grant fiom the Blood 
Transfusion Betterment Association, New York 

In conclusion, this program of work, its direction and fulfillment are a part of the 
iin estigative vork sponsored by Dr Allen O Whipple, of the College of Physicians and 
Surgeons, Columbia Unnersitv, New' York 
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Three conditions may materially alter the sodium chloride metabolism 
of the surgical patient from that of the normal (i) A reduction m the in- 
take of salt through inability to take anything by mouth, (2) the frequent 
occuirence of abnormal losses of fluid containing salt, and (3) a tendency 
for the letention of salt and watei when the patient is seiiousty ill and the 
intake of salt has been excessive With these conditions in mind, sodium 
chloride theiapy is best handled with a knowledge of the fundamental proc- 
esses involved 

Notmal Sodium Cliloiide Metabolism — Sodium chloride is the most 
abundant electiolyte m the lilood and interstitial body fluid, while for mtra- 
cellulai fluids, potassium and phosphate are the chief 10ns ^ - Sodium 
chloride has two vital functions (i) It helps to maintain the acid base bal- 
ance of the body, and (2) it is largely icsponsible for the total osmotic pres- 
sure of the extiacellulai fluids Gamble-*® has aptly pointed out that the 
electrolytes leally sustain the blood and interstitial fluids, and while one’s at- 
tention IS frequently diawn to othei substances, such as the blood sugar 
the ammo-acids, the lipids, and the nitrogenous waste products, these are 
simply the nutiient or waste mateiials being tiansported to and from the 
cells by then real envuonment of salt solution And fuither, while the 
volume of the extiacellulai vehicle fluid is dependent upon the amount of 
the electi olytes, Gamble and Ross'* have pointed out that sodium ions are 
more impoitant than chloiide 10ns in this regaid, since sodium cannot be 
replaced by any other amon while chloiide loss can be leplaced by bicarbonate 
ions formed fiom the caibon dioxide of catabolism A preponderant loss 
of sodium thus leads to greatei dehydiation than a predominate loss of 
chlorides 

The noimal balance of sodium chloride is maintained b}^ a daily intake 
of from l to 2 Gm in the food itself® and from 2 to 8 Gm added m the 
process of cooking and the vigoious use of tlie salt shakei at the table To 
this oral ingestion, from eight to ten liters of salt-containing solution, made 
up of gastric juice, bile, panel eatic secietion, and succus entencus, are 
poured into the uppei part of the intestinal tract daily Body economy is 
shown by the fact that 95 per cent or more of the sodium chloride is ab- 
sorbed lower down in the intestinal tiact, and the daily salt loss in the stool 

Aided by a grant from the Horace H Eackham School of Graduate Studies 

Read before the American Surgical Association, St Louis, Afo , May i, 2, 3, 1940 
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IS noimally less than 05 Gm a day^ ® Important amounts of sodium 
chloride are noimally excreted by the body in two ways One is thiough 
the sweat glands and varies with their activity With insensible perspiration 
insignificant losses of salt occur, Freyberg and Giant" having reported from 
o 25 to o 41 Gm pel day Active sweating has produced excretions as high 
as 2 Gm an houi but this is exceptional It has been shown that an adap- 
tation to extreme dry heat takes place, and the salt loss m sweat is much 
reduced ® The kidneys maintain the salt balance by excreting the excess 
intake, and they usually put out fiom 3 to 8 Gm of sodium chloride a day 
This IS but one example of the kidneys’ important function of maintaining 
a certain concentration of substances m solution in the body fluids, and ex- 
creting the remaindei 

To provide some salt to patients taking nothing by mouth and, therefore, 
requiring pai enteral fluids, we believe that if no abnormal losses of sodium 
chloride have occurred, each patient should be given half a liter of Ringer’s 
solution daily, and the remainder of the fluid needs should be supplied by 
5 01 10 per cent dextiose 111 distilled water The 4 to 5 Gm of sodium 
chloride thus given will provide for daily metabolic needs and adjustments 
and at the same time will avoid edema from excess salt 

The Conseivation of Elect) olytes by the Body — The obseivations of 
many workeis^ have shown that when no sodium chloride is 

taken in 01 when the balance is disturbed by abnoimal losses, as in vomitus, 
the kidneys reduce this excietion to a minimum and conserve salt Our as- 
sociates, Bartlett, Bingham and Pedersen,^^ found the fact well demonstrated 
in their experimental pioduction of hypochloremia in humans Benedict,^"^ 
in 1915, reported the chloride excietion m the urine of a subject who fasted 
for 31 days, and found that 123 Gm of chloride or 203 Gm of sodium 
chloride were put out during that time Half of this amount was excieted 
m the first four days, during the later days only traces of chloride weie 
found in the mine 

In the practical handling of suigical patients it can be assumed without 
chemical studies that their sodium chloride concentration will be noimal if 
the patient has been eating a good, general diet and has had no abnormal 
losses of salt containing fluid Because of the conservation of electrolytes 
by the kidneys, one can go a step furthei and assume that a surgical patient 
who has been on a restricted diet but who has not been losing salt abnormally 
will have approximately normal plasma chlorides and sodium These prac- 
tical consideiations are unconsciously used every day since we do not carry 
out plasma chloride and sodium detei minations on every surgical patient 

Ahno)mal Salt Losses — One looks among surgical patients for depleted 
sodium chloride when significant amounts of electrolyte containing fluid 
have been lost abnoimally from the body by vomiting, diarrhea, drainage 
from intestinal, pancreatic or biliary fistulae, profuse serous or wound secre- 
tions, and prolonged sweating O’Shaughnessy,^^ 111 1831, recognized that 
in cholera important amounts of alkaline substance disappeared from the 
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blood and were piesent in the piofuse dysenteiic excietions Thomas Latta,^® 
in the same year, fiist admmisteied saline solution intiavenously to patients 
with this disease, but was discouiaged with the lesult because the amount 
injected was too small, the injection rvas given too late, oi the effect was 
offset by the piesence of other disease Rogeis’^^ woiked incessantly on the 
pioblem of lestoring alkali deficit in cholera patients, and, in 1916, leported 
a reduction in the moitality of the seveie cases with uremia fiom ii i to 2 7 
pel cent thiough the administration of hypei tonic solutions of sodium bicar- 
bonate and salt 

In consideiing intestinal ohstuiction it would be iireveient not to mention 
Hartwell and Hoguet,^® who fiist showed that dogs vomiting because of in- 
testinal obstiuction could be kept alive foi many days if treated by large 
amounts of noimal saline solution Among the surgeons, the subsequent 
contiibutions of On and Haden^'* weie most impoitant in spieading the 
knowledge of the aboimal chemistiy of this disease 

In 01 del to cany out the pioper tieatment it is imjDOitant to undei stand 
the variations that occin when fluid is lost from diffeient parts of the gastro- 
intestinal tract With pjdoiic obstiuction the vomitus is pi edoininantly acid 
and one finds the jdasina chlondes decreased and the caibon dioxide combin- 
ing powei inci eased, giving m the advanced cases the typical chemistiy of 
alkalosis A satis factoij'’ calculation of the saline solution needed for cor- 
rection to noimal can be made on the basis of the “clinical lule’ developed 
by Collei, Baitlett, Bingham, Maddock and Pedersen “Foi each 100 mg 
that the plasma chloride level needs to be laised to leach the noimal (560 mg 
pel cent) the patient should be given 05 giam of sodium chloiide per kilo- 
gram of body weigiit ’’ With obstruction of the small intestine, and conse- 
quent vomiting, the loss of fluid is a combination of the acid gastiic juice 
and the alkaline bile, panel eatic secietion and succus enteiicus The lesultmg 
chemistiy usually shows a low plasma chloiide and a model ately reduced 
caibon dioxide combining power, winch signifies a veiy definite loss of both 
chloiide ions and base Usually, the chloiide loss is gi eater than the sodium 
loss, so It has been feasible in these cases also to use the “clinical rule” as 
a piactical calculation of the amount of sodium chloiide needed in the way 
of physiologic saline 01 Ringeffs solution foi collection of the water and 
electiolyte imbalance 

It can well be added here that when vomiting takes place in the hospital 
because of pyloiic 01 intestinal obstruction, modem surgical piactice lequires 
intubation of the gastio-intestinal tract-^ -- and, thus, the withdiawal of the 
fluid and gas fiom the distended paits Replacement of the water and elec- 
tiotytes so lemoved by giving a volume of physiologic saline or Ringer’s 
solution equal to the diamage has been found to be successful 

Drainage of bile from tubes in the common bile duct is an occasional 
source of gasti o-intestinal fluid loss, and the electrolyte concentration of such 
bile lesembles seium very closely"^ There aie a few moie basic than acid 
ions piesent, but the diffeience is not sufficient to make mipiactical replace- 
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mcnt niethods calculated from the chloride loss When the bile diainage 

IS measuied daily, as it should be, “volume-foi -volume replacement with 
physiologic saline oi Ringer’s solution is eftective m maintaining noimal 
blood electi 01)^6 levels Often the requiied salt can be given by mouth and 
theie IS no need to admimstei saline parenteially 

Various othei methods foi restoiing and maintaining a noimal water and 
electrolyte balance have been developed,-^- and are being put to the 
test of piactical use All aie indicative of the suigeon’s desiie to know more 
about the chemical abnormalities of the diseases under his chaige and all 
have contributed m one way or another to the caie of the seiiously ill patient 
Ileostomy drainage and diaiihea aie not of common occuiience among 
surgical patients, but occasionally lequiie attention In such cases the base 
loss IS greater than the chloride loss, so one finds a low caibon dioxide com- 
bining powei and a close to normal plasma chloiide Occasionally con- 
comitant vomiting also reduces the chlorides The pediatiicians have dealt 
extensively with the fluid and electrolyte loss associated with diaiihea, and 
Haitmann-® has evolved a foimula foi watei and electiolyte correction for 
such cases Palmei and \^an Slyke,'*^ m 1917, developed a line chart foi 
estimating the sodium bicarbonate required m alkali deficits 

Although the suigeon is dealing chiefly with uppei ahmentaiy tiact losses 
Minch geneially have an excess of chloiide 10ns and the pediatrician is at the 
other end of the canal and deals MUth excess base loss. Gamble- ® has re- 
peatedly emphasized that the same tMO solutions muII, m the vast majority of 
cases, coriect the electrolyte imbalance associated Mith losses fiom either end 
of the canal Physiologic saline solution provides the essential substances, 
Mdnch aie M^atei and sodium chloride 10ns, foi the coriection, udnle 5 per 
cent dextrose solution m distilled M^atei provides caibohydiates for many 
purposes and an excess of freely available M^ater for kidney function, 
Mdiereby the less needed 10ns aie excreted and coirection of the electiolyte 
pattern takes place 

Edema fiom Too Much Salt Solution — Edema in suigical patients has 
been discussed paiticularly by Matas,^^ Jones and Eaton, Coller and his 
associates,-^ Ravdin and his associates,^'*’^’’ Curphy and Oii,^® and 
White, Su^eet and Huiwitt^® It seems impoitant here to stiess that its oc- 
currence is nearly ahvays the surgeon’s erroi B}'^ May of emphasizing the 
possible mistake, it is fitting to point out the analogy hetM'^een edema in 
nephiitis, Mdiich is so geneially knoMui, and edema m the sick suigical patient, 
since the conditions for both aie someMdiat the same 

Page,^® in a summaiy of Blight’s disease, states “Most evidence does not 
suppoit the belief that the ionic excietory pOM^ei of the kidneys m nephrotic 
patients is qualitatively diflferent from kidneys of normal persons ” He 
fuither states “A numbei of diffeient factois aie lesponsible for the oc- 
cuirence of nephiotic edema, the better understood and possibly moie im- 
portant among these being (i) Hypopi oteinemia Math consequent loss of 
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osmotic attraction of the plasma for water, and (2) the hydropigenous 
effect of salt in the tissues ” These two factors are commonly present in the 
sick surgical patient, the first one may well be beyond the surgeon’s control, 
the second is entirely in his hands The vast majority of surgical patients have 
meiely a local lesion with no or comparatively little disturbance of their geneial 
condition On the other hand, the sick suigical patient is more seiiously ill, 
most commonly because of one 01 both of two conditions — malnutrition and 
sepsis Frequently, also, theie is hepatic and renal damage and possibly seveie 
acute or chronic hemorrhage These factors often produce hypoproteinemia 
and thus predispose to the retention of water Salt comes into the picture 
through the frequent need for parenteral fluids by the sick surgical patient, and 
the surgeon’s common error of administering fluids as salt solution whether 
sodium chloride is needed or not Thus, both in the nephritic and the sick 
suigical patient, theie is the tendency to develop edema and all that is needed 
to precipitate it is sodium chloride, of which the sodium 1011 is the most 
impoitant The dependence of generalized edema upon a supply of salt 
solution IS woith further emphasis Shelbuiiie and Egloff'**’ produced liypo- 
proteinemia m dogs by plasniaphoresis, and found pitting edema present 
without the excessive use of water or sodium chloride when the plasma pro- 
teins fell to about 3 Gm and the albumin to i Gm per 100 cc Then, it is 
impoitant to note, large amounts of distilled watei by stomach tube failed to 
mciease the edema or the weight of the animal When sodium chloride was 
also given, 13 Gm per day, massive edema appeared Weech, Snelling and 
Goettsch^^ and Lepoie"*- also emphasized that the edema associated with 
hypopi otememia is a sodium chloride edema, and the general opinion is that 
the lower the serum pioteins the less sodium chloride it takes to produce 
edema DeWesselow^^ states “Balance experiments show that appioximately 
a liter of water is retained for eveiy six to seven grams of sodium chloride 
that accumulate m the body, a normal concentration of about 0 6 per cent 
of sodium chloride being thus preserved m the body fluids and plasma ” 

Without having serum proteins down to the “critical level” of Moore and 
Van Slyke,^"* at which nephntics tend to develop edema, the sick surgical 
patient will develop edema, but generally the latter receives more salt solu- 
tion Coller, Dick and Maddock^^ and Cuiphy and Orr^'^ had several in- 
stances of this fact m their studies of edema in surgical patients 

Of practical consideration is the fact that when edema is found m a 
surgical patient the first thought should be, “How much salt solution has this 
patient received and what are the serum protein values^” The suigical staff 
may well feel guilty when some patients come to autopsy with waterlogged 
tissues 

Salt retention and edema have been found associated with medical con- 
ditions in which sepsis is present The best studied of these is that occurring 
with lobar pneumonia,® there being retention during the height of the illness 
and an outpouring of both salt and water with the crisis Wilder and Drake'*'" 
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have warned against excess salt solution for such patients Of the 19 infants 
studied by them, the three deaths that occurred were in the group of five 
infants who received laige amounts of salt m then diet and developed ex- 
tensive edema of their tissues 

In summary, it appears that the healthy individual can ingest and exciete 
about 35 to 40 Gm ^ of sodium chloride a day This limit is greatly lowered 
in sick surgical patients by malnutrition, sepsis, hemorrhage, pi o fuse wound 
drainage, severe renal and hepatic disease, long operations, and long anes- 
thesia, and it seems that the more pronounced these findings the greatei is 
the retention of salt and watei 

Blood Sodnim Chlotide Concentration No Index of Excessive Salt Re- 
iention — ^\¥ith the established fact that excessive salt administration in the 
sick surgical patient leads to edema, it would be extremely handy if the 
plasma chloride or sodium level would inciease proportionately to the salt 
retained and be an index of the excessive administration Such is not the 
case In the 26 surgical patients with demonstiable edema, studied by Jones 
and Eaton,®2 only six had plasma chlorides above the upper limit of normal 
of 630 mg per 100 cc and only one was above the 700 mg level In 
spite of the edema, most of the chloride values were within the normal range, 
but one patient had definite hypochloremia When edema develops, the re- 
tained fluid IS largely in the interstitial compartment DeWesselow'^® states 
the fact well by saying “The lesult of salt retention is hydremia, rather than 
hyperchloremia ” 

The Paradox of Lozv Blood Electrolytes ivitJi Edema — In the previous 
paiagraph the occurrence of hypochloremia m the face of excessive salt ad- 
ministration to the point of edema was mentioned The paradox should be 
emphasized because it can be a trap for the unwary, and the continued at- 
tempt to raise the plasma chlorides m some instances can do the patient harm 

In our experience with quantitative methods foi the replacement of lost 
electrolytes we noted that aftei having given amounts of Ringer’s solution 
calculated from the “clinical rule” to be necessary to raise the plasma elec- 
tiol)tes to normal, two results occurred The patients with a recent loss 
of electiolytes fiom the vomiting of an acute illness, such as an incarcerated 
inguinal heinia, and whose general condition was faiily good, had a prompt 
retuin of their chemistiy to normal On the othei hand, patients with a 
more chionic or severe illness, such as an obstructing duodenal ulcer or with 
peritonitis, often failed to have then blood electrolytes reach normal These 
patients often had lowered plasma proteins because of malnutiition and 


sepsis They excreted very little of the given sodium chloride 111 the urine, 
and they gained weight If more Ringer’s solution was given the result was 
simply more gam m weight If their general condition improved, and they 
began to eat, then the retained water and salt readjusted, the urine output 
increased and the blood electiolytes lose to the normal 

A quite apparent example of the uselessness of excessive salt solution 
vhile a patient is seiiously ill occurs in cases of generalized abdominal car- 
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cinoinatosis with ascites Baitlett, Buigham and Pedersen/'^ in our labora- 
toiy, had a good example of one such case in tlieir study of the salt balance 
in suigical 2 ?atients ^^hth abdominal cai cinomatosis theie is usually Ioav 
I^lasma piotem because of malnutiition, and the plasma electiolytes are low 
because the 3 >- have been taken fiom the blood and interstitial fluid for the 
foimation of the ascitic fluid An administration of saline solution paren- 
terally to laise the idasma electro^hes geneially results in only a ver}^ tein- 
poraiy elevation followed by a deciease and a concomitant inciease in the 
ascites Theic aie othei circumstances in wdnch a siinilai tiansfei of fluid 
and substance is j^ai ticularly harmful and at this time w^e wish to comment 
on data available fiom patients w'lth severe bums 

Davidson,"**" wdio introduced the modem tannic acid tieatment of bums, 
found low' idasma chloiides and a ictention of chloiides dining the acute 
bum leaction and a marked urinai} excietion of chlorides and w'ater at 
about the time the ciust w'as sepaiating Where some of this sodium 
chloiide goes to is not difficult to answ'ci, considering the extensive edema 
at the bum site, wdnch Underhill and his associates"*’ fiist studied exten- 
sively and demonstiated to lie appioximately the same as blood plasma Bla- 
lock and his associates,"*^ *'* and Harkins’*** studied the development of shock 
with such plasma losses, and also noted the extensueness of the depleted 
plasma piotems The evidence is that saline or other crystalloid solutions 
at the time of shock rapidly leave the vascular compartments and carry away 
inoie plasma piotems Beaid and Blalock"*** had the iminession that their 
animals wnth shock died soonei if saline solution ivas given than if the}' were 
left alone They state then piactical opinion by saying “We do not mean 
to imply if a patient is in shock as the lesult of any injury and no donoi is 
obtainable that saline oi similar solutions should not be injected However, 
in the absence of a favorable response in the blood piessure after a con- 
sideiable amount of solution had been injected, almost ceitamly, the further 
administiation of the same fluid intravenously w'ould diminish the chances 
of recoA'erj' ” The need for wdiole blood oi plasma transfusions to treat 
bui n shock is apparent and has been advocated by sevei al w'orkers '*- 
DT 'io 57 Tiuslei, Egbert and Williams’’'^ lecently leported transfusions alone 
to save their experimental animals from ciitical bum shock 

In the shock peiiod of the sevei ely burned, transfusions are needed, and 
no inoie than model ate amounts of saline solution, thiee to four liters for an 
adult, aie of possible value, while more may do haim Add to this the 
chance that salt solution latei on may cause extensive edema because hypo- 
proteinemia and sepsis aie Iikel}' to be piesent, then one can understand the 
caution to give salt solution sparingly to burn patients We do not agree 
at all W'lth the lecent statement of Darrow''** that “physiologic solution of 
sodium chloiide, inteistitial salt solution oi lactate-Ringer s solution must be 
given in maximum amounts in extensive bums” Hypochloi emia may per- 
sist in an extensive burn case e\en aftei consideiable salt has been given 
and may lead the unwary to give more salt Trusler, Egbert and Williams**® 
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reported a seveie burn case in a o-yeai -old giil and found blood chloiides 
of 140 mg pel 100 cc at the time of extensive geneial edema This patient 
dei eloped convulsions and died Multiple tiansfusions sa\ed the life of 
then- 15-yeai-old hum patient, but even for hei, generalized edema developed 
fiom the continued use of salt solution 

We have repeatedly pointed out that when parenteial theiapy is needed, 
the fluid administered should he chosen to meet the needs of the individual 
case When plasma proteins are low, when sepsis is piesent, salt solution 
will be abnormally retained and the lesultmg edema has caused the death 
of patients The modem surgeon must be moie than a diagnostician and an 
operator He must understand the chemistry involved in his seiious cases 
and treat the patient accoidingly Pai enteral therapy is merely a means of 
tiding a patient over a period of crisis Theie is no substitute foi a good 
general diet and the sooner the patient is able to eat, the soonei he will get 
well 
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FLUID, SALT, AND NUTRITIONAL BALANCE IN PATIENTS 
WITH INTESTINAL SUCTION DRAINAGE ^ 
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The problem of fluid, mineial, and nutntional balance in patients dur- 
ing gastio-intestinal suction has been of gieat interest and has caused much 
concern In fact, many discussions lefeiimg to adequate balances m surgi- 
cal patients have made note of the difficulties imjiosed by the patient vith 
suction diainage Despite this fact, complete quantitative studies concern- 
ing this difficulty aie haul to find Paine and Armstiong* studied chloride and 
fluid balances m cases with gastric and duodenal suction drainage and found 
that theie was maiked loss of chloiide All authois agiee that dining suction 
diainage theie is gieat need foi caietul attention to fluid and salt balance 
and indicate that maintenance of tins balance may be effected only by par- 
enteially admimsteied fluids 

Since the mtioduction of intestinal suction diainage by the use of balloon- 
tipped tubes,- we have been impiessed by the fact tiiat oial administration 
of food, fluid, and salt is not only piactical but exceedingly impoitant in the 
caie of patients subjected to this proceduie In addition to the advantages 
nutiitionally, patients eating and dunking aie happiei and toleiate the tube 
moie leadily 

Oui studies aie concerned with foui patients (Fig i), two with constant 
suction drainage applied in tlie lowei i caches of the ileum, and two just below 
the duodenojejunal fold In all instances intubation was earned out because of 
small bovel distention Of the two witli the tube tip in the ileum, one 
(IM H ) had j^artial obstiuction about a foot and a half above the ileocecal 
valve, the other (J K), a paitial obstiuction in the lectosigmoid Of the 
two cases with high jejunal aspiiation, one (M C ) had a lujituied appendix 
with associated small bowel distention, tlie othei (C J) had maiked small 
bowel distention, the cause of which we liave not been able to deteimine by 
localization oi othei studies All of the cases, excejit the last (C J ), rvere 
subjected to opeiation and the diagnosis confirmed 

Complete measuiements of intake and output rveie made of all mateiials 
diiectl}^ measuiable and sepaiate analyses earned out m duj^htate or tiipli- 
cate None of these studies were undei taken by the loutine hospital laboia- 

Aided bj a grant from tlie Committee on Scientific Research of tiie American 
Medical Association 

Read before the American Surgical Association, at St Louis, Mo , Maj i, 2, 3, 1940 
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toiy but ueie sul4jected to ciitical investigation in our reseaich laboiatoiy 
In 01 del to approach the degiee of accuiacy we felt necessaiy foi this study, 



the collection of inatcnals was made by a muse especially assigned to this 
dut} Intake of food was detei mined h} weighing the diet hefoie and aftei 
seiving, and an equnalent of the food eaten h} the patient w^eighed and 
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placed m a separate receptacle for drying, ashing and analysis No at- 
tempt was made to estimate either water of oxidation or the so-called in- 
sensible loss Regal ding the insensible loss, it is worthy of note that with 
the exception of one patient, for a few days, fever was not a factor of 
importance 

Serum protein concentiations iveie calculated from total nitrogen deter- 
minations by the micro-Kjeldahl method after subtraction of the nonprotein 
nitrogen Carbon dioxide combining capacity of the serum was detei mined 
by the method of Van Slyke, et al^ The method of Wilson and BalP was 
used for the determination of chloride Potassium was determined by a 
chloroplatmic acid proceduie modified for use with a photoelectric color- 
imeter’’ Sodium was determined by the method of Hoffman and Osgood® 
All food and fecal samples were dried to constant weight m an oven at So° C 
in Older to estimate the water content Samples of the dried food and feces 
were ashed in a muffle furnace at 400° F for the determination of sodium, 
potassium, and chloride Separate samples were wet-ashed with sulphuric 
acid and selenium oxychloride for the determination of total nitrogen 

The simplest and most impoitant studies for the determination of fluid 
balance in the usual suigical patient are obtained fiom a measure of the 
fluid taken by the patient thiough all loutes, and that lost through urine, 
vomitus, suction drainage, feces, and fiom fistula In addition, the volume 
of urine offers a fairly reliable means of estimating the degree of hydration 
of the patient With patients subjected to suction drainage a comparison 
of the amount ingested by mouth and that aspirated by suction offers a fair 
estimate of the amount of fluid absorbed through the intestinal tract Since 
we have been allowing patients with suction drainage to eat a full diet and 
drink all they desire, unless theie are complications which prevent this, we 
have been impressed by the excess of intake over drainage in many patients 
Since we allow solid food immediately the tube is at the ligament of Treitz, 
it has been of interest to note that even at this level the intake frequently 
exceeds that aspirated if the intestine has been decompressed It is not 
usual for the patient with distention to care to eat, so we are not concerned, 
as a rule, with too early intake of solid food With distention piesent, it is 
lare that we note a positive balance in oral intake over materials aspirated 
In this study the oral intake as compared with the aspirated fluid in all 
cases revealed that varying amounts of food, fluid, and salt were utilized 
by the patient despite constant suction drainage The difference between oral 
intake and suction drainage is markedly affected by the amount of food and 
fluid that the patient is able to take and the efficiency of the suction for 
drainage, as well as the ability of the patient to absorb the material It is 
only in regard to the greater absorbing surface afforded by the length of 
intestine above the tube tip that low ileal drainage affords better possibilities 
for oral feedings Our data show excellent nutrition and fluid balances for 

* We wish to thank Mrs Mane Diton, dietitian, Detroit Receiving Hospital, for 
her cooperation in determining the amount of food consumed by these patients 
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Table I 

FLUID BALANCE STUDIES OF J K FOR MNE DAT PERIOD 

J K - FLUIDS 



Table II 

CHLORIDE BALANCE STUDIES OF J K FOR NINE DAY PERIOD 

OK- CHLORIDE 


DATE 



18-19 

19-20 

20-21 

21-22 

22-23 

23-24 

24-25 

TOTALS 

INTAKE 

BY VEIN 

1770 

■ 

■ 

1770 

■ 

■ 

■ 

■ 

■ 

1 

3540 

BY MOUTH 

5560 

5180 

3650 

2580 

3350 

5550 

3300 

1 

2780 

2520 

34 470 

OUTPUT 

BY TUBE 

1890 

2820 

400 

i 

i 2380 

1 

650 

2680 

760 

620 

630 

12830 

BY FECES 

■ 

m 

■ 

300 

■ 

60 

■ 

■ 

■1 

360 

BY URINE 

910 

1080 

2350 

4060 

3180 

3090 

4650 

2880 

1930 

24130 

BALANCE 

ORAL IN 
- SUCTION 

3670 

1 

1 

2360 

3250 

200 

2700 

2870 

2540 

i 

2160 

1890 

21640 

TOTAL 

INTAKE 

7330 

5180 

3650 

4350 

3350 

5550 

3300 

2780 

2520 

38010 

TOTAL 

OUTPUT 

2800 

3900 

2750 

6740 

3830 

5830 

5410 

3500 

2560 

37320 


+4530 

+1280 

+ 900 

-2390 

-480 

-280 

-2110 

-720 

-40 

+ 690 

BLOOD 

SERUM CHLORIDE 

1 M EO PER LITER 


107 5 


115 2 



105 9 
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one patient with low drainage, while in the other the balances weie not so 
good, due to smaller intake and periods of gastric distention with vomiting 
In one of the cases with high jejunal suction diainage the patient coopeiated 
so well in alimentation that he might well have been earned with little or no 
paienteial fluids 

Duiing the eaily peiiod of intubation, befoie the distention is controlled, 
paienteial fluids are imperative, since the patient not only is hardly likely 
to absorb fluid, but loses excessive fluids and salt from the gastro-intestinal 
tract These studies weie not made until decompiession was effected and, 
theiefoie, do not indicate the losses from the intestinal tract duiing disten- 
tion Since the quantit}'’ of drainage from the high jejunum is frequently 
lower than the intake, it is obvious that aspiration is not complete, and that 
fan quantities pass the tube tip and are absorbed lowei down Even if we 
could assume that no fluid passed below the suction tip and that, therefore, 
the small stietch of jejunum and duodenum above the tube could absorb the 
quantities indicated by the difleience in oial intake and drainage, w'e w^ould 
have to account for the absoiption of a much greatei amount to allow’^ foi 
the secretion of gastiic juice, bile, succus enteiicus, and pancreatic juice 
\\'^e aie, therefore, forced to the logical conclusion that even when suction 
chainage is effective constantly all materia! passing the tip is not aspirated 
It IS foitunate that gas is moie easily aspiiated than fluid It is logical that 
this simple physical fact allow’’s lemoval of piactically all gas noth a moderate 
amount of fluid passing the tube tip 

Foi pui poses of bievity w^e aie piesentmg one case in detail with data 
collected ovei a nine-day period This case was the best of oui series so 
fai as balance studies w^eie concerned dining his pieoperative period He 
w’^as an exceedingly cooperative patient and took fluids and food w'ell, and 
W'e present these data to illustiate the possibility of maintaining balances 
w'lthout intiaveiious saline It is not oui custom to rely solely on oral feed- 
ings, 1101, except in unusual cases, do we feel that it is good policy HT 
feel ceitam, however, that wdien possible, oial feedings are advantageous in 
that they decrease the amount of intravenous fluids necessary and offei a 
bettei means of controlling the patient 

Table I illustrates the fluid balance on this patient It is evident that 
sufficient fluids W'ere absoibed fiom the gastro-intestinal tiact to keep the 
patient w'ell hydrated and to supply moie than enough fluid to exciete a laige 
volume of urine The chainage from the tube was minimal, and the differ- 
ence betw'een tube chainage and intake rvas more than is usually necessary 
foi the average patient The deficit betw'een intake and output w'C have 
assumed to be insensible loss since during this peiiod theie w'as no evidence 
of retained fluid Facilities w'eie not available foi weighing the patient ac- 
curately, so that W'e have no means of determining weight changes 

Table II illustiates chloiide intake and output The chloiide received by 
vein w'as administered as whole blood, and the patient received no other in- 
ti avenous fluid The daily oral intake of chloride w'as quite sufficient to 

534 



A oluinc 112 
iSuniJur 4 


NUTRITIONAL BALANCE WITH SUCllON DRAINAGE 


rSBLE III 

MTROGFN BAIANCF STUDTFS OF J K FOR MNEDW PERIOD 

J K - NITROGEN 


16-17 17-18 18-19 19-20 20-21 21-22 22-23 23-24 24-25 TOTALS 


INTAKE 
BY VEIN 


BY MOUTH 


OUTPUT 
BY TUBE 


BY FECES 


BY URINE 


BALANCE 
ORAL IN 
- SUCTION 


TOTAL 

INTAKE 


TOTAL 

OUTPUT 


TOTAL IN 
- TOTAL OUT 


BLOOD 
N P N 

MGMS PER lOOcc 


UREA N 

MGMS PER 100 ee 








6 9 10 8 113 116 10 3 10 8 12 2 


8 6 91 9 



Table IV 

SODIUM BALANCE STUDIES OF J K FOR MNEDA\ PERIOD 

J K - SODIUM 


21-22 22-23' 23-24 24-25 I TOTALS 



OUTPUT 
BY TUBE 

BY FECES 

BY URINE 


BALANCE 
ORAL IN 
- SUCTIO N 

TOTAL 

INTAKE 

TOTAL 

OUTPUT 

total in 

-TOTAL OUT 


BLOOD 

SERUM SODIUM 
M EQ PER LITER 


3910 I 3730 
6490 5180 

2275 2570 

+ 4215 +2610 +475 


2150 2450 


3340 j 

j 2550 

5387 

2930 


2180 2200 


-380 -435 -1220 


2000 

30050 


9732 


392 


19595 


20318 


32050 


29719 


+ 2331 
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supply his lequirements and was m excess of that lost by suction During 
the entire nine-day period the total output of chloride was within o 7 Gm 
of the total intake and the chloiide concentration in the blood was main- 
tained at a satisfactory level 

Sodium and potassium balances, as shown in Tables III and IV, reveal 
that so far as these two substances are concerned the balances aie fairly well 
maintained on oral intake Serum sodium levels were maintained (Table IV) 
The serum potassium level is of less importance and the decrease shown 
here is of no significance 

Of great interest are the data shown in Table V, which indicate that this 


Table V 

POTASSIUM BALANCE STUDIES OF J K FOR NINE DAI PERIOD 

J K - POTASSIUM 


DATE 

16-17 

17- 18 

18-19 

19-20 

20-21 

21-22 



24-25 

TOTALS 

INTAKE 



, 

1000 



■■ 

■■ 



BY VEIN 

1000 

0 


0 


0 

0 

0 

2000 

BY MOUTH 

750 

940 

1200 

1000 

~i 

1360 

1340 

1350 

1070 

1220 

10230 

OUTPUT 











BY TUBE 

120 

200 

74 

165 

70 

650 

81 

47 

62 

1469 

BY FECES 

0 

0 

0 

380 

0 

80 

0 

0 

0 

460 

BY URINE 

810 

860 

1180 

990 

1160 

1280 

1570 

1550 

1000 

10400 

BALANCE 











ORAL IN 
- SUCTION 

630 

740 

1126 

835 

1290 

690 

1269 ' 

1023 

1158 

8761 

TOTAL 

INTAKE 

1750 

940 

1200 

2000 

1360 

1340 

i 

1350 

1070 

1220 

12230 

TOTAL 

OUTPUT 

930 

1060 

1254 

1535 

1230 

2010 

1651 ' 

1 

1597 

1062 

12329 

TOTAL IN 
-TOTAL OUT 

+ 820 

-120 

1 

-54 

+ 465 

+130 

-670 

1 

-301 ' 

- 527 ' 

+ 158 

-99 

BLOOD 

SERUM POTASSIUM 
MOMS PER 100 cc 

1 

j 20 7 

1 

) 

1 

1 

16 2 1 

1 

L 

j 

i 

.ri 

1 

J 

L 




patient has been kept in fair nutiitional state so far as protein utilization is 
concerned The amounts of nitrogen lost in the suction drainage are small 
as compared with the intake The iiiinary nitiogen excietion, of which 
approximately 80 per cent was urea, is quite satisfactoiy, and with the total 
intake and total output of nitrogen over the nine-day period being about 
equal, indicates that he has utilized sufficient protein to replenish body losses 
of protein 

A composite graph representing the data on all four of the patients regaid- 
ing balance studies of fluid, chloride, and nitrogen is presented in Graph i The 
data on J K are repiesented graphically for comparison with those from 
other patients The oral intake in excess of losses by suction drainage is 
strikingly larger than in any of the other patients The other patient with 
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drainage fiom the ileum (M H ), whose oral fluid intake-output diffeience 
ought to have been sufficient to maintain fluid balance, appealed slightly 
dehydrated regulaily, and the urine volume was quite low Intravenous 
sodium chloride ivas given this man and it is mteiestmg to note that his 
chloride balance ivas good He lost a large amount of chloride in his drain- 
age and sufficient chloiide w'as given by vein to correct this Howevei, 
despite the fact that the total intake of chloride was almost as gieat as the 
total output, the excretion m the urine was quite small, and this man could 

INTAKE - OUTPUT SUMMARY 





have had more intiavenous salt as w'ell as glucose solution with advantage 
Ihe leason for his low' intake of chloride was that he took food pooily and 
his intake consisted m large part of w'ater and on several occasions the 
patient vomited because his stomach dilated aftei aeiophagia This also 
accounts for his low' protein utilization w'hich resulted m a negative nitiogen 
balance, w Inch indicated that he Avas not w ell maintained nutritionall}' de- 
spite the fact that the tube was m the low'ei ileum In addition, the low 
dail} excretion of nitrogen attests to the fact that w e w'ere not able to main- 
tain nutiition Howevei, the amount of protein which he did utilize from 
his 01 al intake was of definite ad^'antage in that it did provide him Avith some 
protein which he w'ould not have had w'lthout oral feeding 

In legard to the two patients (M C and C J ) w'lth high jejunal drain- 
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age, the high level might suggest that oial intake would be of little conse- 
quence in maintaining the patient in fluid and nutiitional balance That this 
was to some extent oui concept is illustiated by the fact that laige quantities 
of intiavenous fluids weie administeied Either of these patients might have 
been maintained on smaller quantities of intiavenous fluids to some ad- 
vantage In both these cases with jejunal suction about half then fluid in- 
take was aspiiated C J had a much gieatei intake of fluid than M C and 
accoidingly absoibed moie fluid fiom his intestinal tiact The urine output 
on ]\I C was well ovei a litei daily, and C J excieted excessively laige 
amounts of mine, avei aging almost 3,000 cc daily The diffeience between 
total intake and output, wbich might be assumed m both instances to be 
insensible loss, was much less in C J than in M C Since the serum pro- 
tein level of C J was S3 at the beginning of the study and chopped to 7 i 
shoitly aftei, it might be assumed that this was the lesult of leplacing fluids 
lost duiing dehydiation Howevei, the seium chloiide was not abnormal 
In both M C and C I the amount of chloiide lost in suction was gieatei 
than that taken by mouth, and despite the low urine volume of M C hei 
chloiide excietion was quite laigc Since M C was a female and mine and 
feces weie giouped together, this might be suspected of accounting for the 
high value foi urinaiy chloiides Fecal studies on othei patients indicate 
that this was not so, but that the mine was moie concentiated Both these 
patients leceived moie intiavenous saline than should have been given, and 
while they were capable of excieting laige amounts of chloride, it would 
have been bettei had we given a poition of the intravenous fluid as glucose 
m watei It is to be noted that while M C excieted slightly moie chloiide 
than she ingested, C J actuallj" letaiiied chloride despite the fact that there 
w'as no noticeable edema A poition of this might be accounted foi m le- 
taincd feces since no attempt w^as made to clean the low'ei bowel at the 
beginning and end of the study Nitiogen balance was not maintained m 
eithei of the patients wuth jejunal suction This w^as to be expected in M C , 
wdiose piotem intake w^as not gieat, and the patient had a model ate amount 
of fevei foi a few^ days In C J, how^ever, the diffeience betw^een intake 
and suction chainage w^as adequate and a bettei balance should have lesulted 
We are at a loss to explain the pooi balances on C J but Ave feel fairly 
ceitain that these Aveie not due to the most obvious possible fault, that of 
measuimg, since the disci epancies aie not ahvays m the same direction 

These data indicate that 111 patients ivitli low ileal chainage it is possible 
to maintain good fluid, salt and nutiitional balance if the patient ingests a 
sufficiently laigei quantity of food, salt, and fluid than is lemoved by suction 
IToAvevei, even in cases with drainage fiom the low'ei ileum this should not 
be lelied upon entuely When suction is exerted at highei ler^els it is much 
moie difficult if not impossible to maintain good balances, especially as le- 
gaids salt The amount of material Avhich can be absoibed by the gastro- 
intestinal tiact m cases decompiessed by suction drainage is of decided 
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advantage in maintaining the patient in good fluid, salt, and nutiitional 
balance The use of parenteral fluids in conjunction with oial intake in 

excess of suction drainage is important 

We lecogmze that ^Mth vaiiations in the amount of suction diainage 
fiom patient to patient, foui patients are not sufficient to diaw bioad con- 
clusions conceinmg balances We are, theiefoie, piesentmg this mateiial 
as a piehminary report and are continuing this study 

We wish to thank Dr Charles G Johnston, Professor of Surgery at Wayne Uni- 
versity, under whose dnection this studj was earned out, for cooperation and guidance 
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Discussion — Dr Waltman Walters (Rochestei, Minn) When, a 
few w'eeks ago, I discussed with my colleague. Doctor Snell, the possibilities 
of contiibuting to this vei}’’ excellent gioup of papeis, he said that if I ex- 
pected m fi 3 e minutes to contiibute anything to what a high-pressui e bio- 
chemist like John Peters had a chance to say m 20 minutes, I w^as ciazier 
than he thought I w^as So my discussion is leally going to revolve aiouiid 
a discussion of some of the clinical aspects of dehydration toxemia lathei 
than physiologic chemical studies in such cases 

I thought that Doctoi Peters m his presentation of his chaits, paiticulaily 
that fiist one, veiy cleaily showed that theie aie clinical evidences of dehydia- 
tion toxemia, which sometimes occur befoie the chemical changes become 
maiked, and I lefei paiticulaily to the evidence of the deciease in urinaiy 
output in cases wuth clehydiation toxemia 

It seems that the interesting thing, also, m such cases is that one sees the 
red cheeks of such patients due to the alkalosis, the diy skin and tongue, and 
in addition the blood pressuie usually is found to lie below noimal I think 
It is w'Oith wdiile to call attention to these clinical evidences of dehydiation 
toxemia, because in many instances the coopeiation of men skilled in bio- 
chemical tests is not available and if, theiefoie, one lecognizes the possibility 
of deh}diation, it can be compensated for 

I w'as vei) much inteiested in wdiat Doctor Maddock had to sa} legaid- 
ing the administration of too much salt solution and the development of 
edema which occuiied as a lesult One sees that, foitunately, infiequently 
If one does not administei a total of moie than 1,000 cc of normal saline 
abo 3 e the amount of fluid excieted, legaidless of whethei the patient has an 
obstructing lesion of the gasti o-mtestinal tract 01 biliaiy tiact or a fistula, in 
othei woids if a positive fluid balance of 1,000 cc is maintained, that 1,000 
cc being administei ed as noimal saline, the patient usualh does not expeii- 
eiice edema that is due to chloiide letention 

On the othei hand there is equal dangei in administei mg h}pei tonic solu- 
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tions of glucose to patients to whom one does not want to administer too 
much salt, and, as Doctoi Peters emphasized m his discussion, that water and 
food given orally in the presence of gastro-intestinal obstruction will fre- 
quently cause a depletion of chloiides, similaily hypei tonic glucose solution 
intiavenously injected will pioduce m some cases depletion of chloride when 
injected too frequently, especially if a biliary fistula is piesent I recall such 
a case A man, who had obstiuction of the common bile duct as the result 
of a stone, was given glucose because of diabetes but in too large a concen- 
tration, and although insulin was given to metabolize the glucose, a depletion 
of chlorides developed The clinical evidence of this condition was rather 
marked owing to the incoherent remaiks which the patient would make in 
discussing his pi ogress Also, the blood showed a decrease in the chloride 
In the symposium, no leference has been made to the physiochemical 
changes which occur as a result of the loss of fluids and electrolytes through 
biliaiy and intestinal fistulae I recall a case of external biliary fistula m 
which a tremendous amount of bile was lost on the seventh and eighth days 
following operation, with a low urinary output which you will lecall I men- 
tioned as clinical evidence of dehydration A tiemendous amount of total 
chloi ide was lost in the bile, more than six tunes the normal, and there was a 
marked reduction of the urinaiy base With the administration of 22 Gm 
of sodium chloride and 20 Gm of sodium lactate daily foi six days, there was 
a normal excretion of base in mine and bile and a decrease in the excretion 
of sodium chloride in urine and bile to noimal limits and, coincidentally, a 
tremendous deciease in the amount of bile excieted exteinally (Table I) 

Table I 

CHLORRHEA LOSS OE BASE AND CHLORIDE 


Output, Chloride, 

Days Cc Gm Base 

Postopera- 


tively ' 

Bile 

Unne 

Unne 

Bile 

Unne* 

Bile* 

7 and 8 

6,710 

810 

0 38 

50 2 

0 4 

9 4 

9 

4,000 

1,070 

I 9 

28 9 

0 7 

5 6 

9 to 15 

22 Gm 

of sodium chloride and 20 Gm 

of sodium lactate were 




given daily 



13 

1,070 

2,090 



2 3 

I 5 

14 

D130 

1,830 

7 2 

8 r 

2 4 

I 5 


*As liters of tenth normal base 

Whether or not this was due to the administi ation of chloiide is debatable, 
in view of the marked i eduction in the exteinal diamage of bile which prob- 
ably was the most important factoi concerned This, I think, is of particular 
importance, because if one keeps tiack of the fluid obtained through suction 
apparatus or lost in vomitus and in the urine, one frequently has a good in- 
dication of progress, provided that a 1,000 cc positive fluid balance is 
obtained 

Another way of supplying the necessary fluids and electrotytes to patients 
who experience postopeiative obstructions, particularly those in connection 
with gastro-intestinal anastomosis, is by tlie perfoimance of jejunostomy In 
one case which I recall, a tiemendous loss of fluid occuried as a result of 
obstruction at the gastrojejunal stoma following a Polya-type of resection 
An elevation of tlie blood urea and a drop in the blood chloride occurred By 
the peiformance of jejunostomy, undei local anesthesia, although the excie- 
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tion of fluid by the stomach continued high, physiochemical balance was kept 
under control for food, electiolytes and fluid could be administered through 
the jejLinostomy tube until the site of anastomosis opened About three years 
ago I reported seven cases of this t3^pe, in which the inflammation subsided 
m periods ranging fiom 28 to 36 days with gastro-mtestmal continuity cai- 
rymg on satisfactoi ily 

I lecall another case of a similar type, 111 which obstruction occuiied 
following gastiojej unostomy for duodenal ulcer Theie was a charactei istic 
rise of the concentration of blood urea and a fall m the blood chloiides as 
a result of the loss of fluids by vomiting With jejunostomy, physiochemical 
balance was maintained and the lumen at the site of gastrojejunostomy opened 
on the fortieth day It has been our experience, too, in cases of this type 
that sometimes when large amounts of fluid such as glucose are injected in- 
travenously they may be excreted into the stomach, and I believe that oc- 
casionally I have smelt the glucose in the gastric secretion when the fluid 
was excreted that way 

I think that this symposium has been an excellent one I do think that 
we must not overlook the clinical factois in estimating pi ogress in these 
cases I believe that sometimes we give too much fluid in such cases and that 
a positive fluid balance of 1,000 cc is usually adequate 

Dr Owen H Wangensteen (Minneapolis, Minn ) This has been a 
most interesting and profitable discussion, I am sure, foi all of us I am 
pleased to note that into this discussion have come leservations conceimng 
ovei deluging the patient with fluid, as well as references to thwarting dehy- 
dration and dechlorination All of us who deal with the practical aspects 
of these problems on the waids may fall into both types of error 

The woik of Coller and Haddock, and their associates, on the fluid re- 
quirements of patients has focused the eyes of surgeons on the great im- 
portance of adequate orientation in these particulars The paper by Doctor 
Peters, I think, is of great practical importance to the surgeon and we shall 
all look forward to the opportunity of studying it when it appears in print 
Quite properly, Doctoi Peteis placed considerable emphasis on the matter 
of distention as related to the absorption of fluid and to the prophylaxis of 
distention after abdominal operations He refeired to the work of one of 
my associates, Dr Clarence Dennis, who demonstrated that the placement 
of water on the exposed ileum of the dog may cause ulceration of the mucosa 
Dennis, however, was unable to produce similar changes by the placement of 
water on the gastric mucosa of the dog Doctor Peters’ suggestions concern- 
ing the oral administration of water to postoperative surgical patents are 
inteiestmg It may be that the oral admmisti ation of saline solution is pref- 
erable However, I find it difficult to get patients after operation to ingest 
more than half a liter of saline solution unless the salt is given m capsules 
Patients do enjoy the lefreshment of cool water 

With reference to Doctor Peters’ remarks upon the prophylaxis of dis- 
tention, I would like to point out that, together with Dr Charles Rea of 
my depaitment, it was observed that the swallowed air factor was a most 
significant item m the establishment of intestinal distention (Surgery, 5, 327, 
1939) In dogs, with transection of the cervical esophagus, the proximal 
end opening at the skin, the distal end being closed, it was found that such 
dogs tolerated complete ileal obstruction unusually well One such dog sur- 
vived foi S7 da5^s, dying ultimately of starvation There was no distention at 
autopsy The swallowed an factor having been excluded by esophagostomy, 
the bowel uas able to reabsorb the secretions dumped into the intestinal 
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canal namely, gastnc juice, bile, pancieatic juice and succus enteiicus 
When, hovvevei, the distal end of the esophagus in the neck was left open, the 
dog aspiiated an into his stomach, the intestine dilated with the establishment 
of ileal ohstuiction, and the animal did not suivive the distention long This 
occuiience emphasizes the great impoitance of piophylaxis of intestinal dis- 
tention desciihed by Doctoi Peteis 

Most of the discussion in this symposium has hedged about the item of 
contiol of the patient thioughout the opeiative peiiod I might, theiefore, 
say something about the mattei of the eatly caie of the patient after opeia- 
tion A common eiioi among suigeons is failuie to fully appieciate the 
piofound effect of seveie operation and piolonged anesthesia upon the loss of 
fluid by sweating Anesthesia, whethci local, legional or general, causes a 
dilatation of the capillaiies of the skin with consequent loss of laige amounts 
of fluid The salt content of this fluid aveiages piohahlj'- about 3 Gm pei 
litei The oliguiia which patients piesent the day following operation, not 
mfiequently finds its explanation in the failuie on the pait of the surgeon to 
leckon adequately with the loss of fluid thiough this source Wheieas there 
aie satisfactoiy means of determining whether patients aie adequately chlo- 
1 mated the most piactica! of available means of knowing whether a patient 
IS hydiated adequately aie the absence 01 piesence of thiist and a satisfactory 
output ot mine Oveichloimation of patients is fiequentl}' responsible for 
ohguiia I have come to feel that the loss of fluid thiough peispiration is 
so impoitant that our muses on suigical floois tiy to compute roughly the 
fluid loss thiough this souice m items of i, 2. 3 01 4 plus Foi a patient 
who has had a pi oti acted opciation undei anesthesia, and vho has not lost 
large cpiaiitities of fluid fiom the gastro-intestmal canal, 5 Gm of sodium 
chloiide and 3,000 to 4000 cc of fluid will usually suffice, and insure a satis- 
factoiy urine output, duiiiig the fiist 24-houi peiiod 

In patients m the oldei agc-gioup (ovei 60), we have letuined laigely 
to the subcutaneous route of admmisteimg fluid It has been shown, even 
m young stuid}'^ patients with good caidiat leseive, that intiavenous injection 
of fluid at the late of 15 cc pei minute will acceleiate the heart rate Patients 
■with malignancies in the uppei age-hiackets not uncommonly have coionary 
scleiosis with diminished caidiac leseive Intravenous administiation of 
fluid to such patients not uncommonly elicits caidiac pain and may provoke 
pulmonai)^ edema I have come to insist on the subcutaneous administiation 
of fluid to such patients and find it eminently satisfactorj^ 

A number of my associates and I hace been inteiested in the mattei of 
attempts at maintaining patients with ohstiuction in the uppei digestive tract 
in nitiogen equihbtium Up until now, suigeons have concerned themselves 
solely with the item of pioper watei and electrolyte balance and the adminis- 
tration of enough glucose to pi event ketosis A\diy not also, maintenance 
of patients in pioper caloric and nitiogen balance^ 

Oui plan in patients piesenting ohstiuctions (cancel or ulcer) at the 
gastnc outlet is to avoid jejunostomj'^ 01 pieliminaiy gastiojejiinostomy Such 
a patient may he maintained m satisfactoiy vatei, electrolyte, caloric and 
nitiogen balance, and opeiated upon aftei satisfactoiy piepaiation, as though 
he weie not obstiucted Fne hundred cubic centimeters of human plasma 
daily usually suffices to maintain nitiogen equilibrium A similai amount 
of whole blood will not maintain a patient in positive nitrogen balance Recent 
expel lence with the intiavenous administration of ammo-acids (F Stearns & 
Co, Detioit) suggests that this is a simple and piactical mannei m wdneh to 
supply patients wnth a souice of nitrogen wdien the gastro-mtestmal canal is 
not available foi feeding I like to have patients wdio can not take piotein by 
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mouth get al)out 40 giams of piotem mtiavenously Satisfaction of fluid, 
glucose and mineral lequnements is not enough Clinical tiial shows that 
patients with a deianged gastio-mtestmal canal do bettei when the patient is 
maintained m nitiogen equihbiium as well 

Duimg the past year, we have been probing the feasibility of adminis- 
teimg bovine plasma to man mtiavenously In a piehmmaiy communication 
on the subject (Proc Soc Expei Biol and Med, 43, 616-621, 1940), it 
has been indicated that bovine plasma may be given to man m fairly laige 
quantities We obseived that bovine plasma so administered was letamed 
and was not excieted m tbe mine, it is oui iinpiession that it is letamed and 
metabolized The laigest amount that has been given any single patient is 
1,500 cc Oui observations to date aie not nuineious, but moie than 50 
patients have leceived bovine plasma m quantities of 100 cc or moie intia- 
venously There have, of course, been some leactions We have bad only 
one anaphylactoid leaction, in an asthmatic Theie have been no deaths 
Much leinaiiis to be done to establish the piacticability of the method foi 
geneial clinical use My surgical associates and I aie hopeful that the method 
ma) become useful 111 the tieatment of shock and conti acted piotem stores 
m man, both m civil and vai suigeiy It is not unlikely that separation of 
the albumin and globulin ft actions may pyiamid tbe usefulness of the method, 
for the globulin fi action appeals to be the moie toxic However, to date, 
^\e have had moie success (less leactions) with the admmistiation of whole 
bovine plasma than with albumin fi actions alone Suigeons must give moie 
thought to the matter of maintenance of nitiogen equihbiium m obstiucted 
as \iell as debilitated patients 

Dr John P Peters (New Haven, Conn , closing) It is only when I am 
among suigeons or physicians that I am evei flatteied by being called a high- 
poneied chemist Chemists know me I mention this because I did not 
mean to neglect empliasis on tbe clinical aspects of tliese cases, although I 
know I was a little hasty to get ovei to the chemical side I mentioned, 
especially in my last woids, that you need not woiiy much about the patient 
who IS excietmg r,ooo to 1,500 cc of uiine or moie a day I think if moie 
attention weie given to this we would not liace to do quite so much blood 
chemistiy, and often make so many mistakes m giving fluids 

Now I want to speak a moment about this business of excessive chloiide 
I agiee that one should not gne enormous amounts of chlorides and that 
often a gieat deal too much is given I think it is a mistake, also, to give 
this chloiide m many instances intravenously, especially m the light of Doctoi 
Blalock s studies, m which he shows that, m this way, m patients with shock 
you can wash piotem out of tbe blood JMy owui practice is to admmistei 
saline chiefly undei tbe skin, as Doctoi Wangensteen has suggested, and to 
leseive the vein for hypei tonic glucose, if it is necessaiy I say hypertonic 
I piefei to use 10 pei cent to get it into a small \olume, and I give that 
mtiavenously liecause glucose undei the skin is nutating and wuthdiaw'S fluid 
fiom the blood stieam at least temporal ily 

Doctor Aladdock spoke, m his cautions, of edema occuiiing wuth h}po- 
chloiemia 01 low chloiides I think that this is cpiite common I am not 
suie that the jiresence of the hypochloremia itself may not bung about such 
disoi ganization of the body as to jirovoke tbe edema In many of these 
cases, one need not encountei all the difficulties that Doctoi IHaddock has 
spoken of if small amounts of hypertonic saline aie gnen to overcome the 
salt deficiency m the plasma and bring the osmotic piessuie of the plasma 
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up to normal We give 2 per cent saline in lelativety smaller volumes than 
we would noimal saline to these cases, sometimes with veiy good results 

I believe that attention to the electrolyte pattern and administration of 
salt according to the disturbances m this pattei n, with due regard to the pres- 
ence of edema and excessive hydiation when it occurs, may obviate these 
difficulties and bettei the care of the patients 

Dr John Scudder (New Yoik, N Y, closing) I should like to ask 
a question Has Doctor Peters ever seen a case passing two or three liters 
of urine and yet dehydiated^ When the total ionic content of the blood is 
decreased in Asiatic cholera, and a seveie case of intestinal obstruction, and 
you give a physiologic salt solution, you have not enough base to retain that 
fluid and the person puts it out Have you seen that type of case in severe 
burns ^ We have had cases passing 2 or 3 liters of fluid, but yet if you 
make studies of their blood it will be found to be concentrated If you de- 
termine the salt content, you will find that their total base is decreased 
Gamble has brought up the question that you cannot retain water unless you 
have sufficient base In cases of base depletion will you not have an excess 
of urine output if you do not administer enough base? 

Dr John P Peters (New Haven, Conn , closing) You are more likely 
to have it in these cases than you are in patients with gastro-intestinal 
disturbances, of which I especially spoke I, perhaps, should speak a mo- 
ment here about the pioblem of bums and infections It is quite well 
recognized that in pneumonia and certain pulmonary diseases and other 
highly febrile conditions, there is a tendency for individuals to keep the con- 
centration of base continually low m the serum Under those cn cumstances 
they will dehydiate themselves because they will waste salt if you do not give 
It to them On the other hand, if you give excessive salt in the presence of 
conditions of this kind, you aie not always able to restoie the salt concentra- 
tion in the serum to normal, even if you push it to the point of giving these 
patients edema The mechanism of this is not cleai yet, but in pneumonia 
there is a tendency to waste salt m the urine and to waste fluid with it, and 
to maintain a relatively low concentration in the seium This may have a 
particular bearing on the problem of burns 

Dr Walter G Maddock (Ann Arbor, Mich , closing) I should like 
to emphasize, fuithei, a difference in the response of surgical patients, de- 
pending upon their general condition, to the administration of sodium 
chloride solutions given according to our “clinical rule” to correct electrolyte 
deficiencies The patients who have had a recent or acute loss of electrolytes, 
such as would occur fiom vomiting due to an incarcerated hernia, and whose 
general nutrition is good, usually, after their operation and saline solution 
administration, have a prompt return of their plasma electrolytes to normal 

The second gioup are the patients who have a chronic illness producing 
malnutrition or who have the other conditions of the sick surgical patient 
such as sepsis, significant renal and hepatic damage or severe acute or chronic 
hemorrhage When given calculated amounts of saline solution to correct 
an electrolyte deficiency, the correction for these patients is often incomplete 
An occasional one will excrete quite an amount of sodium chloride in the 
urine, and this loss will account for the failure of the plasma electrolytes to 
reach normal The majority, who show only a partial leturn of their plasma 
electrolytes to normal, do so, we feel, because more than usual of the saline 
solution goes to the interstitial spaces Attempts to raise the plasma electro- 
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lytes by giving moie salt have simply resulted m moie weight gain, so we 
have abandoned this attack We feel that the hist administiation of salt by 
the “clinical itile” piovides sufficient electiolytes for collection of the deficit, 
and It has been oui expeiience that if the patient’s geneial condition im- 
pioves, if he begins to eat, then the excietion of watei and sodium chloiide 
m the urine inci eases, theie is some loss in weight, and the plasma electio- 
lytes come up to the noimal level 

Foi the vast majority of general suigical patients the handling of the 
electiolyte pioblem by the “clinical lule’’ foi restoiation and the “volume- 
foi -volume” leplacement for maintenance has been a voiking pioceduie in 
the hands of oui resident staff without the fiequent use of expensive chemical 
studies 

Dr R IMayo Tenery (Detioit, Mich, closing) Doctor Peteis men- 
tioned that patients with gastio-intestmal suction do bettei if he gives them 
eithei nothing by mouth or only noimal saline by tube We believe that it 
IS better to give food to patients with long tube suction, as they aie then 
much happier and nutiition can be kept up veiy well 

Giapli I shows that an appieciable amount of dietaiy nitiogen was ab- 
sorbed and utilized by all four patients M J did not absoib enough to 
keep up a good balance, but she was better off than if she had been given no 
nitiogen by mouth 

Our long-tube diet consists of almost any food except that having a 
high fibei content ^Vhen the tube is in the lower ileum, patients can keep 
up good nutiition if they take an adequate diet, and veiy few of them need 
much in the way of intravenous fluids Of the two patients with uppei 
jejunal suction, each had a negative chloiide balance, as fai as their oial 
intake compared to suction di ainage was concei ned , but they did take m 
moie nitrogen and water than was lemoved by tube 

Thus, ve feel that food makes oui patients moie comfoi table and main- 
tains then nutiition much bettei than if they were given nothing by mouth 
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A CLINICAL STUDY OF THE PLASMA VOLUME IN 
ACUTE INTESTINAL OBSTRUCTION^^ 

Jacob Fine, M D , Alfked Hurwitz, M D , 

AND 

Jerome Mark, MD 
Boston, Mass 

PROM THE SnnCICAL DEPARTMENT OF THE DETH ISRAEL HOSPITAL AND THE IIARA ARD MFDICAL SCHOOL BOSTON MASS 

In experiments on animals with uncomplicated obstruction of the small 
intestine a fall in the volume of circulating plasma sufficient to account for the 
death has been observed ^ The evidence is clear that this loss of plasma may 
occur in the absence of dehydration or the accumulation of significant quantities 
of fluid in the cavity oi wall of the intestine or in the peritoneal cavity ^ More- 
over, the intravenous administration of large amounts of fluid and electrolytes 
does not prevent the decrease m plasma volume, whereas the intravenous in- 
jection of an equal or smaller volume of plasma not only maintains the plasma 
volume but prolongs the life of the animal ^ Decompression, as might be 
expected, halts the loss of plasma and may even permit substantial recovery of 
the fraction lost ^ Desoxycorticosterone acetate also prevents the plasma loss, 
if given early, and may increase the volume above normal ® Finally, distention 
of the colon and of the gallbladder does not cause a significant plasma loss 
while distention of as little as two feet of small intestine may do so ** 

The purpose of this communication is to present clinical evidence confirm- 
ing some of these experimental findings 

Case I — A 40-year-old man with an indirect inguinal hernia, but otherwise in good 
health, was subjected to a repair of the hernia After two uneventful postoperative dajs 
he gradually became distended Enemata were ineffectual Periumbilical colic and vomit- 
ing followed Gastric lavage was necessar}' When the abdomen was much distended 
and tense, a roentgenogram showed many distended loops of small intestine (Fig i) 
At this time the plasma volume was 2,414 ccf Thirty-six hours after the introduction 
of a Miller-Abbott tube the distention largely disappeared and the plasma volume rose 
to 3,408 cc , an increase of 994 cc 

Comment — This is presumably an instance of transitory mechanical rather 
than functional ileus If the plasma volume after decompression is regarded 
as the normal for this patient, it is appaient that intestinal obstruction resulted 
in a loss of plasma of 30 per cent It is significant that this loss of plasma 
occurred in spite of the administration of large amounts of fluid, it was cor- 
rected only by decompression 

* Read before the American Surgical Association, St Louis, Mo, May i, 2, 3, 1940 

t All plasma volumes were measured by the method of Gibson and Evelvn' on ad- 
mission or at least several, and usually, about 12 hours after parenteral fluids were 
stopped, so that very little of the recorded volumes can be regarded as due to hydremic 
plethora 
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Case 2 — A ANoman, age 78, entered the hospital with nausea, \oniiting and obstipation 
of four to five dajs’ duration On admission she was found to ha\e auricular fibrillation 
and a markedl}' distended, tense abdomen wnth visible peristalsis A roentgenogram of the 
abdomen showed extreme gaseous distention of loops of small intestine and a calcified 
gallstone in the lower ileum (Fig 2) The plasma \olume was 2,020 cc Because of 
her precarious condition nonoperatne decompression by the Miller-Abbott tube was at- 
tempted, but w'lthout success owing to her refusal to cooperate One hundred per cent 
OX} gen inhalation was then tried, again without success for the same reason Eight hours 
after admission the plasma %olume had fallen to 1,661 cc Surgical intervention followed 
immediately The gallstone was removed and an enterostomy tube w^as inserted Eighteen 
hours later abdominal distention had decreased considerabl} , and the plasma volume was 
2,562 cc , an increase aboi e the pre\ lous measurement of 900 cc A roentgenogram tw'o 



Fig I — Case i Transitorj postoperative Fig 2 — Case 2 Gallstone obstruction of 

mechanical obstruction of 36-4S hours’ duration ileum of four dajs’ duration Extreme distention 
Moderate distention Plasma loss 29 per cent Plasma loss 45 5 per cent Plasma gam after de 
Plasma gain after decompression 41 per cent compression 83 5 per cent Arrow points to gall 

stone 

daj s later, how ever, still show ed some loops distended w ith gas On the fifth postoperative 
daj the plasma t olume had risen to 3,048 cc A roentgenogram on the sixth postoperative 
daj showed almost complete deflation 

Comment — The very low plasma volume observed just before operation 
and the final increase of 83 5 per cent follow mg effective decompression are in 
conformit} w ith the experimental finding that the plasma volume falls during 
distention and rises follow mg decompression 

Case 3 A 29-} ear-old male was operated upon for recurrent right low^er quadrant 
pain, nausea and vomiting of several months’ duration Several loops of ileum w'ere found 
adherent to one another bv numerous adhesions, which were divided Nausea and 
vomiting recurred a week later and again two weeks later On this last occasion food 
and fluids bv mouth could not be retained, constipation was complete and distention ap- 
peared A roentgenogram showed manv distended loops of small bowel containing fluid 
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levels The plasma volume was 2,494 cc Four davs later, after effective decompressive 
procedures, the plasma volume was 3,339 cc, a gam of 34 pei cent above the previous 
measurement 

Comment — Tlie magnitude of the plasma volume change m this patient 
was less than in the two piecedmg patients peihaps because the degiee of 
gaseous distention w^as less maiked 

If It is true that the geneial physiologic disturbances in uncomplicated in- 
testinal ohstiuction aie due to the lesulting distention lathei than to the oh- 
sti uction pc) se, one should expect to find the same constitutional changes wdien 
seveie distention of nonohsti uctive oiigin is present In suppoit of this in- 
feience vve piesent the following case 

Case 4 — An obese female, age 42, vv'as operated upon foi a large papillarj cjstadeiio' 
carcinoma of the left ovarj She was immediatelv placed on one of a group of post- 
opeiative diets which are being studied to evaluate the distending capacity of different 
types of foods On the first postoperatu'e da)' the abdomen became tense, distended and 
tympanitic The followung da) the distention was extreme, nausea and vomiting occurred 
and nothing could be passed by rectum, even with the aid of repeated enemata The 
plasma v'olume w'as 2,531 cc By the use of an mtragastne tube, hot stupes, more enemata 
and a change in diet to what we believ'e are nondistending foods, complete deflation re- 
sulted, aftei the subsequent three days On the sixth postoperative day the plasma 
v'olume rose to 4,221 cc 

Comment — If this final measuiement be taken to lepiesent this patient’s 
noimal plasma volume, the distention may be consideied to hav'e caused a 40 
pel cent loss m cii dilating plasma, 01, stated the othei w'ay, the decompiession 
caused a gam of 67 per cent in cu dilating plasma This is mdiiectly leflected 
m the accompanying change of 21 pei cent in the hematociit (Table I — Case 

4) 

A siinilai, though less sti iking, obseiv'ation was made m the following case 

Case 5 — A 65-year-okl man became increasing!) distended following suprapubic 
C)stotomv and bilateral v'asectoni) for obstructing prostatic h)pertrophy On the fourth 
postoperative da) the abdomen was enormousl) distended and tvmpanitic, audible peri- 
stalsis was absent and a roentgenogram showed marked gaseous dilatation of the small 
intestine The plasma v'olume was 2,868 cc Following the institution of gastric suction, 
100 per cent oxygen inhalation, enemata and heat to the abdomen for 24 hours, the 
distention decreased On the followung da) after an effective bow'd ev'acuation the dis- 
tention disappeared Four davs later the plasma volume vv as 3.725 cc , vv Inch i epre- 
sents a gam of 29 per cent 

Comment — Since the distuibance m this and 111 the pievious instance was 
cleaily one of adynamic ileus, it is appai ent that the plasma loss in ileus, whethei 
of mechanical 01 functional oiigin, is due to the distention common to both 
In the light of this obsei v'ation, sev'eie distention ev'en of functional oiigin, 
may become a vital matter 

The degree of dilatation of distended loops as seen roentgenologically 01 
as suggested by the mciease in size of the abdomen does not necessarily indicate 
the degree of mtia-intestmal piessiue, which is lesponsilile foi the loss of 
plasma Such objective signs may, therefoie, not always be lelied upon as a 
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guide to the extent to which plasma is being lost Consequently, even ^^hen 
the roentgenogi ams of two diffeient patients sho\\ compaiahle degiees of 
dilatation, the extent ot the plasma loss ma} diffei consideiably Thus the 
1 oentgenogi am in the following patient showed gi eater gas accumulation m 
the small intestine than in Case i The plasma loss how e\ ei , as w ill be seen 
below , was less in spite of the longer duiation of the obstiuction 

Case 6 — A 72-j ear-old woman with a histoiy of a lower abdominal operation 14 
^cars previousb, entered the hospital complaining of intermittent, periumbilical colicky 
pain, nausea, constipation and increasing distention of four dajs’ duration 



Fir 3 — Case 6 'Mechanical obstruction of Fig 4 — Case 7 Strangulation of loop of 

ilcuni of four da\s’ duration Marked distention ileum 111 femoral herni i probabK of four da\s 
Plasma loss 25 per cent Plasma gain after de duration Traces of gas in intestine Plasma loss 
compression 33 8 per cent 17 per cent Plasma gam following release of in 

testine 21 6 per cent 

Plnstcal Examuwiwu showed marked abdominal distention and tjmpaii}" on per- 
cussion Roentgenograms of the abdomen show'ed widespread dilatation of loops of small 
intestine (Fig 3) The plasma aolume was 2,116 cc Satisfactory though not complete 
decompression was aclne\ed during the following 20 hours b\ the continuous inhalation of 
100 pel cent oxygen This was followed by exploratory celiotomy A string adhesion 
running from the mesentery of the ileum to the presacral peritoneum was found com- 
pleteh constricting the ileum The obstruction was released and an enterostomy per- 
formed After complete deflation on the seienth postoperative day, the plasma lolunie was 
2832 cc The loss from distention was therefore only 253 per cent, whereas in Case i, 
where much less gas seemed to be present the loss was 29 i per cent 

CoMMFKT — The ^al\u^g clinical couise of apparently compaiahle patients 
with intestinal obstruction sinulaih tieated may well be asciibable to clifter- 
ences m plasma loss due to difteiences in intia-mtestmal piessuie which de- 
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pends not only on the volume of incaiceiated gas but also on the tone of the 
intestinal musculatuie and of the musculature of the abdominal wall 

It IS nevei theless ti ue, as the following ohsei vations will show, that when 
the volume of incaiceiated gas is small or insignificant, the amount of plasma 
which will he lost m intestinal obstiuction is of a lelatively low order of 
magnitude 

Case 7 — A 74-^e^I-old male entered the liospital witli a history of anoiexia, nausea, 
vomiting and constipation during the piecedmg three da3S A tense, painful mass was 
found in the light inguinal region A roentgenogi am of the abdomen showed only traces 
of gas (Fig 4) in the intestine Tlie plasma \ohime was 2,730 cc At operation soon 



Fig s — C lise S "Mechinicil ob'-truction of I ig 6 — Case g Obsti uctinpr carcinonn of 

snnll intestine of 48 hours duration Histor-v of sipfmoicl of one weeks duiation Cxtreme (listen 

two pieMous celiotomies Slight distention tion of colon Slight distention of small intestine 

Flasnn loss 13 per cent Plasma cam on deconi \o plasma loss 
piession 15 per cent 

aftei admission a strangulated but \iable loop of ileum was released from the sac of i 
femoial heima \\hich was repaired On the following day the plasma lolume was 
3,320 cc The loss caused by the obstruction was, therefore, onlj 17 pet cent 

CoMMCNT — The lelatively small change m the plasma volume can be 
exjilamed the almost complete absence of intestinal distention 

Case 8 — A 58-3 ear-old male, wuth a past histor3^ of tw'o celiotomies, one for a per- 
forated duodenal ulcer, and one for appendicectom3', complained of intermittent peri- 
umbilical pam, nausea, profuse vomiting and constipation for 48 hours before entering 
the hospital 

Physical Eraminalion showed a severely dehydrated man with a slightly distended 
abdomen evhibiting visible peristalsis accompanied b3 periumbilical, colicky pam Acute 
tenderness was present over the scar of the appendicectom3 The urine showed acetone 
and a specific giavit3 of i 026 The blood nonprotem nitrogen was 38 mg per cent, the 
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blood chlorides 396 mg per cent and the CO: combining power 63 Noliimes per cent 
A roentgenogram of the abdomen showed two or three loops of distended small intestine 
(Fig 5) The hematocrit was 46, and the plasma volume 3,112 cc Gastric suction 
w'as instituted, and 100 per cent oxjgen inhalation administered Twentj-four hours later, 
an enema jielded good results and all sj^mptoms and signs of intestinal obstruction dis- 
appeared On the fourth hospital day the hematocrit w as still 46, and the plasma volume 
3,591 cc — a gam on decompression of only 154 per cent 

CoMMKM — This IS an example of well-developed acute obstiuction of the 
small intestine, in tvhich no marked change m plasma volume occuiied in spite 
of the presence of a consideiable degiee of deh}dration The slight loss of 
plasma may be accounted foi by the fact that theie was compaiatively little gas 
and probably no gi eat increase in pi essure in the obsti ucted bow el The small 
volume of gas w^as piesumably due to efficient leveise peiistalsis, wdiich mat 
achieve the same desirable decompressive lesults obtained by duodenal suction 

Case 9 — A 60-year-old w'oman entered the hospital complaining of se\ ere low'ei 
abdominal pain of 24 hours’ duration She gave a history of complete obstipation foi 
one week and repeated nausea and vomiting of 72 hours' duration 

Physical Examination show'ed marked weight loss, generalized abdominal distention 
and audible peristalsis A roentgenogram of the abdomen (Fig 6) show'ed extreme dis- 
tention of the right colon and the proximal tw'o-thirds of the transverse colon and a few 
dilated loops of small intestine A barium enema showed obstiuction in the sigmoid 
The plasma volume w’as 2,476 cc An immediate cecostonn w'as performed The surgeon 
noted a ^ery tense, enormously distended cecum and soft distention of the distal ileum 
Deflation proceeded rapidly thereafter A week later, w'hcn the general physiologic state 
was in balance, the plasma volume w'as 2,494 cc , ic , substantially unchanged 

Comment — The failure to observe any fall m plasma volume m this patient 
in spite of the extieme degiee of distention of at least seveial days’ duiation is 
111 accoid wnth oui expeiimental finding that distention of the colon docs not 
cause a loss m plasma volume such as occurs aftei small bowel obstruction 

Discussion - It IS evident fiom the foiegoing data that a significant loss of 
plasma occuis m uncomplicated obstiuction of the small intestine only wdien a 
substantial degree of gaseous distention (Cases i, 2, 3 and 6) is present Since 
a laige loss of plasma also occurs in se\eie distention of functional oiigin 
(Cases 4 and 5), the cause of the plasma loss must lie attiibuted to the disten- 
tion lather than to the obstiuction 

The mechanism b} wdiich distention causes the plasma loss is, howe\ei. 
unceitain One of the ideas cunent in surgical liteiatuie is that distention 
stimulates the accumulation of the excessive volume of fluid commonly piesent 
m the bow'cl in intestinal obstruction Even if tins be tiue though there is 
substantial evidence to the contiaiy,' ® the deh}diation caused b}’- lomiting 
and tiansudation into the intestine can be excluded from lesponsibility for the 
majoi pait of the plasma loss foi the following leasons In 13 patients sub- 
jected to extieme debydiation in a moist, heated cabinet, b> Gibson and Kopp,'' 
the plasma loss aA eraged onl} 8 7 pei cent The plasma loss m our eight patients 
with ileus of the small intestine aACiaged 274 per cent In a normal subject 
with se\ ei c deb}diation, Collei and Aladdock^*^* noted a iise in the nonprotein 

553 



FINE, HURWITZ, AND MARK Annalsorsurseo 

’ ’ OctoDer ISJO 

nitiogen to 47 5 mg per cent, while the hematocrit increase was only 7 i pei 
cent The mciease in hematocrit m those of our patients who showed a marked 
loss of plasma (Cases i, 2, 3, 4, 5 and 6) was considerably higher, averaging 
19 3 per cent, with a range of 12 to 25 5 per cent * Furthermore, none of 
these patients, as judged by the data on fluid intake, urinary output and spe- 
cific gravity, gave evidence of an advanced stage of dehydration comparable to 
that of Coller and Haddock’s subject or of Gibson and Kopp’s subjects In 
Case I, for example, in which the obstructive distention caused a plasma loss 
of 29 6 pel cent, the fluid intake and output before and during the obstructive 
phase was entirely adequate and the blood nonprotein nitiogen was 25 mg 
pel cent, but the hematocrit showed an increase of 15 pei cent This increase 
m hematocrit must, theiefore, have been caused by the loss of plasma which 
occurred even though the patient was well hydrated On the other hand, in 
Case 8, m which dehydiation was considerable, indeed, gi eater than in any of 
the rest of the gioup, the plasma loss was only 13 pei cent and the hematocrit 
lemained unchanged A inmked fltictuaUon in the level of the heniatociit was 
obsewed only zohen mailed changes in plasma volume occuued legaidless of 
the amount of dehydiation (cf also Cases i to 4 and Case 9, Table I) For 
these reasons and for others already stated we do not regard fluid deficit re- 
sponsible foi any substantial portion of the plasma loss in obstructive disten- 
tion The prevailing idea that the fulminating charactei of small bowel dis- 
tention IS to be found primaiily in the rapid loss of fluid and electrolytes into 
the bowel lumen and by vomiting, is untenable m view of the above observa- 
tions and of the well established fact that adequate replacement of this deficiency 
accomplishes a necessary but not an immediately vital purpose 

Since the plasma loss cannot be accounted for on the basis of fluid and 
electrolyte imbalancef 01 on the basis of effects directly referable to the site of 
obstruction, we are obliged to assume the existence of some other process as 
yet undiscovered, which is set in motion by the increase in intra-intestinal 
piessure 

In pursuit of this objective we proceeded experimentally on the basis that 
the plasma loss in obstruction of the small intestine might at least m part be 
due to transudation into the tissues caudal to the compressed mtra-abdominal 
veins This was suggested by the repeated finding in dogs with distention of 
the small intestine of a greatly increased femoial venous pressure while the 
jugular venous pressure remained normal Furthei, the institution of pneumo- 
peritoneum at pressure levels of 10-20 cm of water (20 cm was used in the 
small intestine) caused an initial sharp loss of plasma volume, which, however, 

* Since the normal hematocrit varies considerably from one person to another, tlie 
initial hematocrit reading, which is likely to be made during the stage of distention, is 
not useful as an index of the extent of plasma loss unless it happens to be considerablj 
above the average normal value In this case other conditions causing marked red cell 
volume changes must be excluded 

t It IS pertinent in this connection to recall the observations of Taylor, Weld and 
Harrison, who produced verj low chloride levels in the blood of dogs without noting 
any of the other disturbances commonly associated with intestinal obstruction 
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was generally not fully sustained But we could not suppoit this etiologic 
basis for the loss of ciiculating plasma because negative results w^eie obtained 
by plethysmogiaphic studies of the low^er extiemities and by compaiative 
studies of the w^et and dry weights of equal amounts of muscle from the upper 
and low^er extremities In addition, iii seveial expeiiments utilizing twm feet 
of small intestine, distention at 20 cm w^ater pressuie, wdnch causes no signifi- 
cant degree of abdominal distention, resulted m an extensive loss of plasma 
Finally, contradictoiy evidence appealed m the ohseivation that dogs wnth 
distention of the colon at 35 cm water pressure, wdnch distends the abdomen 
quite as much as does distention of the small bowel at 20 cm of w^ater piessuie, 
did not show^ a fall m plasma volume, and survived more than twnce as long 
as did those with small bowel distention We therefoie concluded that the 
plasma loss resulting from distention w^as not due to the simultaneous expan- 
sion of the peiitoneal cavity or abdominal wall 01 to pressure on the intia- 
abdominal veins 

The failure to obseive loss of plasma in distention of the colon in dogs was 
strikingly confirmed in Case 9, m wdnch no loss of plasma occuiied 111 spite 
of an extreme degree of obstructive distention of the colon, in wdnch the ob- 
stiuction w^as of seven days’ duiation It is a possible explanation of the 
clinical fact that patients wnth obstiuctive distention of the colon deteiiorate 
less lapidly than do those wnth obstiuctive distention of the small intestine 

The clinical obseivations, herewith reported, confiim our expeiimental 
findings in the following respects (i) That uncomplicated intestinal obstiuc- 
tion causes a seiious fall in the volume of circulating plasma , (2) that this fall 
in plasma volume occuis even wdien fluid and electrolyte imbalance is pie- 
vented, (3) that the plasma loss is not due to the obstruction itself, but to the 
distention accompanying it and is generally, but not necessaiily, piopoitional 
to the degiee of distention, (4) that the loss of plasma is probably chaiactei- 
istic of the small, rather than the large, intestine, (5) that the magnitude of 
the plasma loss m obstructive distention of the small bow^el suggests that the 
loss of plasma is a basic process in the fatal effects of uncomplicated obsti uc- 
tion of the small intestine 

The infeience is clear that the theiapy of intestinal obstruction must take 
cognizance of this important factor m the pathologic physiology of the disease, 
foi even wdien effective decompi ession is achieved, the effort may fail unless 
the plasma deficiency is collected in time to prevent 11 reversible changes 

CONCLUSIONS 

(1) Patients with distention of the small intestine, whether of functional 
or mechanical oiigin, show^ a consideiable loss in the volume of circulating 
plasma 

(2) As the plasma volume falls the hematocrit rises This increase m 
hematociit is fai gieatei than can be explained by delndration, however 
se\ ere 
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(3) Dehydiation and electrolyte imbalance aie not lesponsible for the 
gieatei pait of this plasma loss 

(4) Eftective decompi ession of the small intestine lestores the plasma 
volume towaid noimal 

(5) The extent of the plasma loss is geneially, but not necessarily, pro- 
poitional to the degiee of gaseous distention as estimated roentgenologically 
and by physical examination 

(6) In a patient with a maiked obstructive distention of the colon no loss 
of plasma occuiied 
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LOSS IN SEVERE DEHYDRATION, SHOCK AND OTHER 
CONDITIONS AS AFFECTED BY THERAPY^ 


A S Minot, Ph D , and Alfred Blalock, M D 

N ILLE, TE^■^ 

>nOM TUE DEPVUTMENTS of PEDI.TnlCS VND SEHCEin. ^ .NDFRBILT UM^EBSIT1, NVSinilEF TFNN 

Shock may be defined as peripheral circulatory failuie lesultmg fiom 
a disci epancy m the size of the vasculai bed and the volume of intiavasculai 
fluid In primary oi neuiogenic shock vasodilatation oi inciease in the ^as- 
culai bed is the most important initial change In secondaiy or hematogenic 
shock, a decrease in the volume of cn dilating blood plays a piimary lole 
Fiec[uently, in clinical conditions the two factors of vasodilatation and loss 
of cnculatmg volume woik togethei to cause failure of the cii dilation In 
this discussion we shall consider mainly the factoi s which lead to a deficiency 
of intiavasculai- fluid and theiapeutic methods of pi eventing and ti eating 
secondary oi hematogenic shock 

Under nojiual conditions many factoi s cooperate to maintain a noiinal 
amount of fluid in the body and a noimal partition of this total water in 
the tissue cells, the extracellulai spaces and in the vasculai system The 
intake of vater and electrolyte must keep pace with the loss of these elements 
fiom the body Theie must be sufficient plasma piotein to attiact and hold 
an adecjuate volume of fluid in the blood stieam Theie is the selective 
permeability of the capillaiies which allows water and ciystalloids to pass 
freely but withholds most of the piotem m the blood stream Theie is 
kidney activity which i enioves metabolic waste pi oducts and any excess of 
fluid 01 electrolytes taken into the body Numerous othei factoi s might also 
be mentioned A sufficientl}'' serious abnoiniality in any of these factors 
may lesult in disastious changes in the amount and partition of body fluid 
We aie paiticularly inteiested, here, in abnoimal conditions uhich may 
lead to a serious i eduction in the volume of cnculatmg blood Among the 
simpler conditions which lead most obviousl}' to such a i eduction are sevci e 
deJiydiaiwn and extensive heinoiihage When leplacement of water and 
electiolytes fails to keep pace with an excessive loss such as occurs, foi ex- 
ample m seveie diaiihea theie is a marked reduction in body watei Since 
the loss IS mainly one of water and salts both the plasma pioteins and cel- 
lular elements of the blood become moie concentrated With the rise in 
plasma protein, more and more of the lesene of extiacellulai water is drawn 
into the blood stream to leplace the loss ivhich has occuiied Thus in simple 
dehydiation of this type it is not until the readih available exti acellular re- 
sei\e of watei has been laigely depleted that a seiious reduction of blood 


* Aided b\ a Grant from the Dnision of Medical Sciences of the Rockefeller 
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volume occurs One needs, howevei, only to recall the familiar picture of 
cii dilatory collapse which is seen in infants with severe watery diarrhea to 
lealize that a point is eventually reached m simple dehydration when the 
reduced volume of thick, viscous blood becomes inadequate to maintain the 
peripheral cii dilation Massive loss of whole blood through hemorrhage 
results in a dilution rather than a concentration of protein and cellulai ele- 
ments but rathei piomptly reduces the blood volume to an amount incom- 
patible with sustained ciiculation This condition is a simple one unless 
prolonged i eduction in volume leads to secondaiy changes, to be discussed 
later, which lead to the inability to retain fluid restoied to the blood stream 
In addition to these simplei types of loss of fluid, there are a variety of 
conditions which cause a reduction of the circulating blood volume thiough 
an excessive tiansfer of plasma elements from the blood stream into the 
extracellular spaces Such an abnoimal partition of body water may arise 
simply from a ntdi if tonal lack of adequate plasma protein This is the type 
of disturbance that occuis in nutritional edema Weech, Snelling and 
GoettscM found that theie is a progiessive loss of fluid from the blood 
vessels as the plasma proteins ai e reduced, resulting first in a latent and sub- 
sequently in an evident edema Jones and Eaton- observed that edema may 
occur as a complication of a vanet)'’ of surgical conditions and operations and 
that It is exaggerated if laige quantities of normal salt solution are admin- 
istered It had been noted previously, by Smith and Mendel,® that the intra- 
venous injection of laige quantities of solutions of vaiious neutral salts 
results in edema if hypopi otememia exists, whereas otherwise edema does 
not occur Thus there is present m hypopi otememia a reduction m ability 
to attract and hold fluid in the blood stream, and an escape and accumulation 
of pathologic amounts of fluid in the tissue spaces occurs 

Hypoproteinemia on a nutritional basis does not often lead to serious 
circulatoiy failure, but its conection is of impoitance because of the likeli- 
hood of the development of postoperative complications It is likely that 
this abnormality is lesponsible for some instances of pulmonary edema and 
pneumonia There is a retaidation in the healing of incisions'^ and an in- 
crease in the incidence of disiuption of wounds^ Mecray, Barden and Rav- 
din° found that the edema associated with hypoproteinemia may prevent the 
patency of recent intestinal anastomoses 

Frequently, a similar and moie seiious abnormal paitition in body water 
occurs not because of a primary deficiency in plasma protein but because the 
captllai les have been tnjm ed to the point of letting plasma protein as well 
as water and crystalloids pass thiough the capillary endothelium into the 
tissue spaces Mechanical, chemical or thermal trauma and oxygen lack are 
common causes of increased peimeability of the capillaries Underhill and 
Fisk’^ found that the fluid which escapes at the site of a burn is almost iden- 
tical with blood serum in its composition Beard and Blalock® found that 
the protein content of fluid which is lost as a result of burns, of mild trauma 
to an extremity and to the intestines is the same as that of the blood plasma 
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Clinically, one sees such injury initiated by mechanical trauma, bums to the 
skin, inflammatory processes, distention of the intestines with lesultant in- 
terference with the ciiculation, etc Whatevei the initiating cause ma}’’ be, 
the transfer of plasma leading to circulatory impairment is similar Even 
m instances m which a prolonged decline in the blood piessure and blood 
volume is caused by uncomplicated hemoi i hage,*’ a maiked increase m capil- 
lary permeability occurs and plasma is lost 

Table I 

CHANGES DURING THE DEVELOPMENT OE CIRCULATORY EAILURE FOLLOWING A BURN 
Dog Aneslhehzed with Sodtim Barbital 

Loss m Per Cent 




Concen- 

Total 

Hemato- 






tration 

Circu- 

crit 



Total 


Plasma 

Plasma 

lating 

Percent- 

Blood 


Circu- 


V olume 

Protein 

Protein 

age 

Pressure 

Plasma 

lating 

Time 

Cc 

Per Cent 

Gm 

Cells 

Mm Hg 

Volume 

Protein 

Preliminary 

523 

7 03 

36 6 

53 4 

135 



4 hrs after 




59 5 

130 



burn 








6 hrs after 

347 

6 78 

23 5 

62 0 

114 

32 6 

35 8 

burn 








13 hrs after 

00 

6 44 

20 5 

66 3 

76 

39 0 

44 0 

bum 








14 hrs after 




68 0 

45 




bum 

15 hrs after Died 

bum 

The alteiations that occur in burns are illustrated by the expeiimental 
results presented in Table I This anesthetized animal developed peripheral 
circulatory failure seveial houis after receiving an extensive burn No sup- 
portive treatment of any kind was given Measurements of blood and 
plasma volumes, hematocrit, plasma piotem concentration and blood pressuie 
were made befoie and at intervals after the bum was inflicted The total 
circulating protein was calculated by multiplying the plasma volume by the 
concentration of protein Appi oxunately 32 per cent of the original plasma 
volume had been lost by the end of the fiist six hours Coincident with the 
loss of plasma, there was a rise 111 the percentage of cells per unit volume 
of blood The concentration of piotein did not increase with that of the 
cellular elements as wmuld be the case if only fluid and electrolytes had been 
lost On the contiary, there was a slight decrease in the plasma protein con- 
centration, and on calculating the total cnculating protein, it w^as found that 
there had been a loss of about 35 per cent of the original amount during the 
first SIX hours As ahvays occurs, the burned area became sw^ollen and 
edematous Analysis of the fluid which accumulated m the subcutaneous 
tissues revealed a protein content approaching that of plasma In spite of 
the large local loss of plasma fluid, electrolytes and piotem and the associated 
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1 eduction in blood volume, the blood pressuie at the end of six hours was 
essentially the same as during the contiol peiiod The pressure was doubt- 
less maintained by viitue of geneial vasoconstriction which is known to occur 
in the hematogenic type of shock With the passage of time, the changes 
ohseived duimg the fiist six hours piogresscd Theie was an inciease in the 
hemoconcenti ation and the plasma loss continued until only 6i per cent of 
the oiiginal volume lemamed while the total ciiculating j^rotein was reduced 
to 56 pel cent of the initial amount It was not until a few houis before 
death that the blood piessuie began to decline significantly and fiom this 
point on fatal circulatoiy failure progressed rather rapidly 

Scuddei and his associates^*' ha\e investigated, very extensively, the 
alteiations m blood potassium m vaiious conditions They found marked 
increases m plasma potassium in severe dehydi ation, following bums, and 
111 other t3'pes of injury They suggest that potassium is an ever present 
H-substance which may he the responsible agent in the causation of shock 
On the othei hand, then hypothesis is not suppoited by the findings of Bis- 
gaid, Mclntyie and Osheioff^- and Gieenwood, Haist and Taylor It is 
quite possible that an elevation of plasma potassium may impair fuither the 
aheady handicapped circulation Also, in the teiminal stages of shock there 
IS a moie oi less serious i eduction of alkali leseive, laigely due to the ac- 
cumulation of lactic acid and othei acid metabolites as the circulation and 
oxygenation fail 

Although details of the total pictuie vary somewhat with the natuie of 
the condition which has initiated the injuiy, observations such as we have 
just desciihed aie chaiacteiistic of hematogenic shock in general and demon- 
stiate how lapidly an increase in the peimeahility of capillaries leads to dis- 
astious cnculatoiy changes In the piesence of an injury which allow’^s an 
extensive and piogiessive loss of ciiculating protein as w'ell as fluid, there is 
a reduction in the colloidal osmotic piessure of the remaining blood and 
hence an inability to draw effectively on extravascular reserves of fluid to 
leplenish the volume lost from the blood stream Consequently, a much 
moie seiious i eduction in blood volume results fiom a loss of plasma than 
would be caused by a consideiably moie extensive loss of fluid and crystal- 
loids In instances of localized trauma the loss of plasma is at fiist mainly 
into the injuied aiea Latei the loss becomes more general as the pieviously 
uninjuied capillary beds become moie peimeable as a lesult of oxj^gen lack 
imposed by i educed ciiculating volume and prolonged compensatoiy vaso- 
consti iction Similarly, a condition wdiich at the stai t involves no capillary 
injuiy but only simple dehydiation may lead secondaiily to vascular changes 
wdiich cause a loss of plasma piotein In any case, the combined handicaps 
of 1 educed volume, inci eased permeability and the deleteiious effects of elec- 
tiolyte change bring about a rapid failuie of the circulation 

Picventioii and Treatment — The pioblem m the treatment of impending 
hematogenic shock is to restoie and maintain a more effective circulation m 
the presence of the abnormalities such as w'e have observed in the untreated 
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subject Steps must be taken to overcome the discrepancy between the cir- 
culating volume and the size o£ the vascular bed Attempts to increase 
vasoconsUictwn with such dings as adrenalin, pituitrm, ephednne, etc , have 
met with failuie as a means of preventing shock Prolonged vascoconstnction 
IS one of the characteristics of untreated hematogenic shock and, while it is 
a valuable temporary compensatory mechanism, it later becomes a factor^’* 
which contributes to further loss of plasma It is not sui prising, theiefore, 
that the net result of these constrictor drugs is to contribute to this secondary 
vicious cycle of events 

Considerably more piomising, accoidmg to lecent reports, are the results 
obtained from the administration of coitical extiact From the experimental 
viewpoint, Heuer and Andrus^^ found that cortical extract is of value in pre- 
venting shock and of less value in treating it Pei la and his associates^ stated 
that the parenteral administration of salt solution combined with cortical hoi - 
mone is moie effective than either alone m the pievention and treatment of 
histamine shock m rats and mice Fine, Fuchs and Mark^" found that the 
marked fall in plasma volume in dogs subjected to continuous distention of the 
small intestine is at least partly prevented by the mtia\enous administration of 
desoxycorticosterone, but there was no prolongation of the life of the animals 
Somewhat encouraging results in the treatment of patients have been reported 
by Hartman,^^ Wilson, Rowley and Gray,^*' Wohl, Bums and Pfeiffei,'” 
Reed,-’- Scudder,’-’- and by others At our present state of knowledge, it is 
impossible to understand through what mechanisms this agent exerts its favor- 
able influence on the maintenance of a more effective intravascular volume 
Possibly much of its influence may be related to its effect m restoring the dis- 
torted sodium-potassium latio m the blood and body fluids Howevei useful 
an adjunct coitical extiact may prove to be, a laige part of treatment must 
still be replacement of the elements which have been lost from the blood stream 

The difficulty encountered m fluid replacement theiapy vanes greatly m 
different conditions No uniform plan of tieatment could be outlined which 
would be equally successful for a gioup of patients Rather, the physiologic 
needs and the pathologic handicaps of each individual patient have to be con- 
sidered and evaluated and the tieatment employed regulated accordingly If 
the problem is merely to i estore fluid and electrolytes to an acutely dehydrated 
patient with a normal amount of plasma protein and with uninjured capillaries, 
treatment is relatively simple On the other hand, the restitution and mainte- 
nance of an effective ciiculatmg volume of blood in a patient whose capillaries 
have allowed and are continuing to allow a loss of all the plasma elements in- 
cluding protein is fai more difficult 

In any case, the patient’s needs for fluid and electrolytes must be met We 
Mill first consider the effect of the administration of solutions of crystalloids, 

I c , glucose and salts to patients v hose blood volume has been depleted m 
various Mays A fundamental principle m the lestitution of fluid is that if 
both M^ater and salts have been lost in the process of deliA^ration, both M^ater 
and salts must be restored Water cannot be retained m the body without 
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sufficient salts to make an isotonic solution Any attempt to restore water 
alone in the presence of a salt deficiency leads to physiologic disturbances, as 
for example, the “heat ciamps” expenenced by workmen who have lost salt 
and water thiough excessive sweating and then attempt to overcome dehydra- 
tion by drinking water alone Glucose solutions, valuable as they may be as 
a souice of nutrition, are equivalent to water alone, as far as fluid and electro- 
lyte equilibrium is concerned, and hence cannot overcome dehydration when 
salts have been lost Solutions of salts must be employed for this purpose 
Since sodium is the chief cation which is lost from the body, sodium salts are 
leplaced Isotonic solutions of sodium chloride aie most commonly employed 
but a lecogmtion of both the quality and quantity of electiolyte loss influences 
the solution chosen for lestitution theiapy If there has been a large loss of 
chloiide ion, as m peisistent vomiting, sodium chloiide is the salt indicated 
If, on the other hand, theie has been a marked depletion of the alkali reserve, 
the administration of sodium bicaibonate or sodium lactate, which will yield 
bicaibonate, will more promptly lestore noimal electrolyte equilibrium Meth- 
ods foi detei mining the quantity and composition of the repair solutions that 
are needed have been described by Maddock and Coller 

If the salt loss has been excessive and if theie is an alarming distortion in 
the potassium-sodium relationship, the more lapid admmistiation of sodium 
salts m hypertonic solutions is indicated As a geneial thing, howevei, isotonic 
solutions aie less disturbing to the patient 

The loute of adimmstt ation of such solutions is anothei pioblem which 
should receive individual consideration according to the needs and handicaps 
of the patient Will fluid be retained when given by mouth , will fluid be 
absorbed from the gastro-intestinal tiact if given oially oi by proctoclysis, 
will fluid be absoibed when given subcutaneously , and what disposition will 
be made of fluid that is given intravenousl}'^ ? Any of these loutes is satis- 
factoiy for the simple restoration of watei and electrolytes to oveicome de- 
hydiation Frequently vomiting or diai rhea oi infection oi an operation makes 
the gastro-intestmal loute impractical, but good results may be obtained when 
fluid and electrolytes are supplied in suitable amounts either by the subcutan- 
eous or intravenous routes 

In the patient Avith a primaiy nutritional lack of plasma piotein oi in one 
who has lost plasma protein as well as fluid thiough injured capillaiies, the 
problem is moie difficult Such patients absorb fluids pooily from the gastro- 
intestinal tract Fluid given subcutaneously also tends to lemain unabsorbed 
m the tissues where it is placed It is easy to see why this is true Most of 
the difficulty in patients of this type arises before treatment is started from 
a tiansfer of plasma elements from the blood to the tissues due to an inability 
to attract and hold watei in the blood stieam The same handicap which 
made it impossible for the patient to maintain a normal partition of body 
water before treatment makes it impossible for him to absorb and maintain in 
the blood stieam fluid ivhich is administered into the tissue spaces This 
leaves only the intravenous route as an effective means of introducing fluid 
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There is no doubt but that the inti avascular volume can be temporarily 
increased by the direct intioduction of salt solutions into the vasculai s 3 ^stem 
The piompt tempoiary i espouse of most patients with depleted blood volume 
to such treatment is well known It is equally well known that this favoiable 
response is often disappointingly tiansient and the blood stieam again becomes 
dehydrated and the circulatoiy impaiiment pi ogi esses m spite of the continued 
introduction of fluid 

A study-^ 24,20 q£ what occuis when aqueous solutions aie given intia- 
venously to expeiimental animals or patients with run eased capdlaiy peime- 
abdtty explains the reason for the failure of this foim of theiapy The 
introduction of aqueous solutions dilutes the plasma colloids m the blood 
stream If they aie already low, further dilution bungs them to a concentra- 
tion which makes it impossible to hold the administered fluid m the blood 
stream Tissue edema develops while the blood stream lemains dehydiated 
If there is extensive capillaiy damage so that protein escapes with fluid, the 
continuous administiation of fluid b}'' vein washes out more piotem and as a 
result may actually reduce rather than increase the volume of circulating 
blood 

The best guide as to the disposal being made of fluid admimsteied by vein 
IS afforded by frequent measuiements of hematociit oi hemoglobin and of 
plasma protein If fluid is being retained m the blood stieam, both hemo- 
globin and plasma protein should decrease m concentiation togethei When, 
as so often happens, the paradoxical observation is made that the concentia- 
tion of protein is deci easing while that of hemoglobin is increasing as fluids 
are given iiiti avenously, it can only mean that plasma is being lost from the 
blood stream and that the tieatment is accomplishing nothing towaid restoring 
a moie effective ciiculatmg volume Undei these circumstances, colloid as 
well as aqueous solutions must be administered before fluid can be retained in 
the blood stream It is too well lecognized to requiie fuithei emphasis heie 
that transfusions of blood or plasma should be given eaily m the supportive 
tieatment of impending hematogenic shock when theie has been piotem loss 
A point which may need furthei emphasis, howevei, is the really enormous 
amount of colloid which may be required and which will ultimately bring 
about successful results m patients with extensive capillary injury One 
can calculate, more or less accuiately, the amount of fluid and electrolyte a 
pel son needs to leplace what has been lost and to keep pace with his con- 
tinuous needs Theie is no such definite appioach to the amount of colloid 
requiied if its loss through damaged capillaiies is continuous The rate of 
plasma loss can be cut down somewhat by conservatism m the amount of 
aqueous fluid given by vein In this connection, it ma}'^ be ad^antageous at 
times to give aqueous solutions that aie hypei tonic lather than isotonic be- 
cause the highei salt content temporaril)’- attiacts and holds moie fluid in the 
blood stieam 

In Table II are collected obseivations made upon two anesthetized dogs 
leceivmg continuous mild intestinal tiauma One was given a continuous 
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slow intravenous injection of 09 per cent sodium chloiide solution throughout 
the experiment The other received a continuous slow transfusion of blood 
serum In spite of the continued administration of saline there was a pro- 
gressive decrease m plasma volume and an increase ih the concentration of 
cellulai elements During the same peiiod there was a gradual decrease in 
the concentration of plasma piotein and a loss of well over half the total 
circulating piotein during a period of seven hours In the dog receiving 
serum, there was a moderate increase in plasma volume and total circulating 


Table II 

COMPARISON or El PECT OP CONTINUOUS INTRAVENOUS INJECTION OE NORMAL SALINE AND 
or BLOOD SERUM IN DOGS RECEIVING CONTINUOUS INTESTINAL TRAUMA 



Time 

Amount 
of Fluid 
Adminis- 

Concen- 

tration 

Plasma 

Plasma 

Total 

Circulating 

Hematocrit 

Fluid 

from 

tered 

Protein 

Volume 

Protein 

Per Cent 

Employed 

Start 

Cc 

Per Cent 

Cc 

Gm 

Cells 


Control 

0 

6 2 

942 

58 6 

52 4 

0 9 per cent 

1° 30' 

297 

5 7 

835 

48 3 

56 3 

saline 

3 ° 30' 

693 

5 I 

865 

44 r 

54 5 

5 ° 30' 

1,089 

4 3 

650 

28 I 

61 7 


f 

1,388 

3 3 

672 

22 2 

60 7 


Control 

0 

5 0 

474 

24 0 

42 2 

Blood 

I ” 30 ' 

123 

5 r 

578 

29 7 

38 0 

serum 

3 ° 30' 

280 

5 4 

572 

31 I 

37 8 


5 ° 30' 

444 

5 9 

546 

32 7 

40 0 


piotein with little change m hematociit Assuming that the serum adminis- 
tered contained 5-6 per cent protein, it is evident that an amount of protein 
equivalent to the total plasma protein piesent before the initiation of capillary 
injuiy was given during five and one-half hours The continued loss from the 
blood stream is shown by the fact that this large leplacement caused only a 
moderate increase m the total circulating protein 

We know of no specific means of directly influencing the inci eased pei- 
meability of injured capillaries unless coitical extract proves to be an agent 
which can accomplish this Our approach has to be rather an attempt to give 
colloid fast enough to increase the level in the blood to the point of retaining 
an effective circulating volume m spite of the losses that may occur To do 
this often requires transfusions far in excess of what would ordinarily be con- 
sideied adequate This is illustiated by a lecent experience in the Vanderbilt 
Hospital in the treatment of an adult with burns of almost one-half of the 
body surface During the first 19 days that the patient was in the hospital 
the total quantity of fluids that were given intravenously consisted of 5,000 cc 
of blood plasma, 2,650 cc of whole blood, and 8,700 cc of salt or glucose solu- 
tions The greatest quantity of salt or glucose solution given intiavenousl) 
in any one 24 hour period was 1,500 cc Fluids were administered by other 
routes in larger amounts Even though large quantities of colloidal solutions 
were given, and the intravenous injections of solutions of crystalloids were 
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somewhat restricted, the total serum proteins on several occasions fell to 
less than 4 Gm per 100 cc This illustrates the really tremendous amounts 
of blood and plasma which are required to maintain a fairly satisfactory level 
of plasma protein and an effective volume of circulating blood It is believed 
that the patient’s recovery was due to the administration of large quantities of 
colloidal solutions The local therapy of the burn consisted only of the appli- 
cation of compresses of Dakin’s solution The experience of Gatch-‘' and of 
Trusler, Egbert and Williams-" is similar to that which we have related 

Transfusion of blood plasma is probably the method of choice for restora- 
tion of plasma volume The use of plasma rather than whole blood avoids 
further burdening of the circulation with cellular elements which are already 
present in high concentration Volume for volume, plasma transfusions in- 
troduce protein approximately twice as fast as when whole blood is given 
There is less danger of reactions from plasma than from any of the more arti- 
ficial preparations which have been suggested The disadvantages of plasma 
aie the additional technical difficulties and time required for preparing plasma 
for transfusions and the larger amounts of blood which must be furnished 
b} donors Even m instances m which the primary disturbance is the loss 
of whole blood, Levinson, Neuwelt and Necheles"® and others have found that 
the introduction of blood plasma or serum exerts markedly beneficial effects 
The value and convenience of having available a “Plasma Bank’’ can hardly 
be overestimated in the tieatment of patients with capillary injury Here, a 
delay of a few hours may preclude the possibility of a favorable response 
Without a “Bank’’ it is impossible to proem e plasma without considerable 
delay Lacking plasma, tiansfusions of whole blood should be administered 
promptly and repeatedly 

The consensus of opinion appears to have been that there is little choice 
between blood serum and blood plasma and that there is little danger of re- 
actions with either of these In recent publications, Strumia, Wagner and 
Monaghan-®’ state that blood serum is much more apt to cause unfavorable 
reactions than is plasma, and that the difference is brought about by the 
process of fibrin precipitation This work has not as yet been confirmed 

Many attractions are offered by desiccated or lyopluled blood so um The 
dried pon der can be kept indefinitely It can be dissolved m a smaller volume 
of water than that of the original plasma and so a solution richei m protein 
than fresh plasma can be introduced The chief disadvantages are the cost 
and difficulty of preparing the dried seium and the fiequency of leactions 
following the injection of the ledissolved ponder Ravdiiff^ is of the opin- 
ion that the frequency of reactions is such that lyophiled serum should not 
be used Stiumia, Wagner and Monaghan-® state that the reactions which 
have been observed following the intravenous administration of l}ophiled 
serum aie due not to a change induced b} the piocess of desiccation but to 
the use of seium It is furthei stated that tyopiled or cr\’ochem plasma causes 
no reactions 

Acacia solutions have been employed to some extent as a means of intro- 
ducing colloid Acacia is not a protein but it has the property, similar to 
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that of plasma piotein, of attracting and holding watei in the blood stream 
As an emeigency measure, when whole blood oi plasma cannot be piocuied 
foi tiansfusion, much can be accomplished in lestonng the blood volume 
by intravenous injections of acacia The fiequency of leactions to such in- 
jections and the prolonged storage of acacia in the hvei and other tissues 
make its use inadvisable except in emeigencies Expeiimental woik indi- 
cates that the use of ascitic fluid may, at some time, become a practical means 
of supplementing the plasma volume The protein content of ascitic fluid is 
somewhat less than half of that of blood plasma 

CONCLUSIONS 

Failuie of the peiipheial cn dilation due to an inadequate volume of cir- 
culating blood may lesult fiom seveie deliydiation, extensive hemorrhage, 
and from conditions which allow a tiansfer of plasma elements fiom the 
blood stream into the tissue spaces The aim of supportive treatment in 
impending shock of this type is to lestore and maintain a moie adequate 
volume of intravasculai fluid The chaiacter and amount of fluid employed 
for leplacement theiapy as w^ell as the lonte of admmistiation must be adapted 
to the lequirements and handicaps of the individual patient In the absence 
of capillaiy nijurj^, the lestitution of wdiole blood aftei hemorihage or the 
leplacement of fluid and electrolytes in dehydration is a relatively simple 
problem In patients m a pool state of mitiition or m whom there is eithei 
localized or general injury to capillaiies, it is much more difficult to maintain 
the propel distribution of adininisteied fluids The intravenous administration 
of solutions of crystalloids to such patients often leads to the production 
of massive edema wdiile the blood sti earn i emams dehydrated oi even becomes 
fuither deci eased in volume Undei these conditions the administration of 
Iibeial amounts of plasma colloid is an indispensable factoi in the restoiation 
of fluid and electiolyte equilibrium 
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The prothrombin concentration of the blood became impoitant in 
the management of surgical patients as the result of the demonstration by 
Quick, Stanley-Brown and Bancroft’^ that hypoprothrombinemia was at times 
associated with obstructive jaundice However, it was not until VVarnei 
Smith and Brinkhous" demonstrated that the prothrombin level in these 
patients could be restored to normal by the administration of vitamin K and 
bile salts, that a widespread interest developed in the prothrombin level of 
the jaundiced patient 

The hypothesis upon which this treatment was based was that vitamin K 
was necessaiy for prothrombin formation and that bile salts weie necessary 
for Its absorption from the bowel When the common duct is obstructed, 
so that bile is pi evented from reaching the intestine, vitamin K is not ab- 
sorbed into the portal circulation, and prothrombin formation stops as soon 
as the stores of vitamin K are exhausted Quick, ^ who first proposed this 
hypothesis, was also the first to encounter a patient that disproved it ■* The 
patient m question had a prothrombin level which at one time was as low as 
2 5 per cent and failed to respond to a vitamin K substrate, so that it was 
necessaiy to lesoit to transfusions to check hemorrhage 

Various authois have reported varying degiees of success m treating hy- 
poprothrombinemia with vitamin K substrates During 1938 and the first 
half of 1939, Cerophyl was employed m treating the cases of hypopi othrom- 
bmemia studied in the Harrison Department of Surgical Research at the 
Umveisity of Pennsylvania The prothrombin time returned to 1101 mal in 
69 per cent of the cases tieated and showed an impiovement in an additional 
13 per cent Three cases, or 18 per cent, however, failed to show any im- 
provement Following the isolation'' and synthesis of vitamin Ki by Doisy 
and his associates, a numbei of synthetic substances with vitamin K activity 
became available for clinical use One of these, 2-methyl-i, 4-naphtho- 
qumone proved to be even moie active than naturally occurring Ki extracted 
from alfalfa It was hoped that this substance, powerful as it was, would 
cause a favorable rise in the prothrombin level of those patients that had 
failed to respond satisfactorily to AUtamin K substrates The results ob- 
tained are shown in Table I In 73 per cent the prothrombin level leturned to 
normal, m an additional 9 per cent it improved, but in 18 pei cent there was 
HO improvement It is probable, therefore, that the solution of this problem 
does not lie in the direction of the administration of more active preparations 


* Read before the American Surgical Association, St Louis, Mo, May i, 2, 3, 1940 
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having a K activity Experience with foui othei synthetic preparations, one 
of which was given intravenously, has so far confirmed this impiession It 
should be stated, however, that the more potent pieparations achieve a much 
prompter response m those patients that do lespond favorably than was the 
case wdien vitamin K substrates w^ere used 

Table I 

A COMPARISON OF THERAPEUTIC RESULTS IN THE TREATMENT OE HYPOPROTHROMBINEMIA 
WITH CEROPHYL (VITAMIN K SUBSTRATE) AND 2-METHYL- 1 , 4- NAPHTHOQUINONE 

Prothrombin 

Patients Returned to Partial No 

Treated Normal Improvement Improvement 



No 

No 

Per Cent 

No 

Per Cent 

No 

Per Cent 

Cerophyl 

2-methyl- 1, 4-naph- 

16 

II 

69 

2 

13 

3 

18 

thoqumone 

22 

16 

73 

2 

9 

4 

18 


In general, it has been found that hypoprothrombmemia m patients wnth 
common duct obstiuctioii due to cholelithiasis responds w^ell, but that hypo- 
prothrombmemia 111 patients wnth cirrhosis as a rule responds very poorly 
Clinical evidence, therefoie, points to hepatic cellulai injury as the majoi 
cause of the failure to obtain a satisfactory response following adequate 
theiapy Vitamin K depiivation may explain the clinical hypopi othrombm- 
einia seen m hemorrhagic disease of the new^boin 

Some of the expeiimental evidence bearing upon this mechanism has 
been confusing as any factoi capable of pioducing liver damage may also 
be capable of inhibiting bile salt formation The piincipal expeiimental 
methods of inducing a fall m the plasma prothrombin level are summaiized 
m Table II 


T'ible II 


EXPERIMENTAL METHODS OF PRODUCING HI POPROTHROMBINEMIA 


Method 

Animal 

Approximate Time 
Required 

Vitamin K-free diet 

Chick 

I to 3 wks 

Biliary fistula 

Rat 

Dog 

2 to 4 mos 

Ligation of common bile duct 

Rat 

3 to 4 wks 

Rat 

Not stated 

Chloroform anesthesia 

Dog 

<24 hrs 

Carbon tetrachloride 

Dog 

<24 hrs 

Phosphorus 

Dog 

Not stated 

Spoiled s\\ eet clover hay 

Rabbits 

2 to 3 da3’^s 

Partial hepatectomj'’ 

Cattle 

Rat 

<24 hrs 

Total hepatectomy 

Dog 

Progressive decline e\ ident 

Liv er trauma 

Dog 

w ithin I to 4 hrs 

2 hrs 
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The bile fistula methods of producing hypopiothiombinemia are relatively 
slow — two dogs in our laboiatory failed to show a significant fall m ovei 
15 weeks Contrasted with this is the lapid diop in the same species in- 
duced by the administiation of chlorofoim or carbon tetrachloride By can- 
nulating the common duct it was possible to show that the fall in the pro- 
thrombin concentration which followed chloiofoim anesthesia started while 
bile salts were still present in the hepatic bile in good concentration, but was 
influenced m degree by sidetiackmg the bile to the exterioi ® It was also 
noted that animals which had had choledochostomy performed previously 
showed a greatei fall in piothrombm concentration following chloroform 
anesthesia of given duration than did unoperated animals, and that a second 
anesthetization with chloioform, even aftei the piothrombm level had re- 
turned to noimal, was followed by a much greatei diop in the prothiombin 
concentiation than was the fiist 

Livei damage due to chemical agents was associated with such piompt 
disappeaiance of piothiombm from the cn dilation that it seemed likely that 
certain agents actually exeited a deleteiious action on piothrombm itself 
In order to evaluate more accuiately the role of the liver, total hepatectomy 
was carried out by Waiien and Rhoads" on eight dogs In some animals 
this was peifoimed b}^ the three-stage method of Mann and in otheis it was 
accomplished by one-stage methods The animals piepaied by the three- 
stage method suivived longest Prioi to the final stage the piothrombm had 
already been depleted to a consideiable extent, piobably as the result of the 
previous changes in the cnculation of the livei The subsequent fall, how- 
ever, was quite rapid Neither hemoiihage, celiotomy for othei pmposes, 
noi thiee-hour periods of ethei anesthesia weie effective in producing this 
marked drop As the piothrombm lei'cl fell following the one-stage opera- 
tion as well as the multi-stage pioceduie, it seemed justifiable to conclude 
that the fall was due to a cessation in the foimation of prothrombin and not 
to the accompanying cessation of the bile salt supply to the intestine An- 
drus, Lord and Mooie,® independently, arrived at similai conclusions 

In view of the lelativelj^ giadual decline m the piothiombm level ob- 
served in bank blood, the lapid disappeaiance of piothrombm from the 
hepatectomized animal obviously lequnes some explanation This is paitly 
to be found m the observation that blood specimens stored at loom tempera- 
ture show more rapid declines m prothrombin concentiation than they do m 
the refrigerator at 4° C , and similar specimens stoi ed m an incubator at 
37° C show a profound di op m 24 hours 

Andrus, Lord and Kauer'* have called attention to an additional factor m 
this decline They demonstiated that blood coming fioin the lungs regulaily 
contains piothiombm m lower concentiation than does blood m the pul- 
monary artery, indicating that some destiuction of piothrombm legulaily 
occurs in the pulmonaiy cnculation 

The available evidence, therefoie, points to a continuous and lelatnely 
rapid disappeaiance of prothiombin from the cnculation and a concuirent 
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foimation of piothrombin which occurs mainly if not exclusively m the hvei 
Acute liver injury is, therefore, we believe, sufficient to pioduce a sudden 
and seiious drop in the piothiombin level in contrast to the giadual declines 
charactei istic of vitamin K deficiency 

The question of whethei an excess of vitamin K can, at least m pait, 
compensate for faulty liver function is an impoitant one In favorable cases 
a single milligram of 2-methyl-i, 4-naphthoquinone may suffice to lestore 
a model ately 1 educed piothiombin concentration to normal In other cases 
in oui experience as much as 42 mg in 24 hours has failed It has been 
the impression of several workeis that increased doses of the vitamin have 
overcome piothrombin deficiencies that weie resistant to the usual doses If 
a mass action effect takes place one would expect that it would affect the 
normal livei as well as the damaged livei and that the administiation of 2- 
methyl-i, 4-naphthoquinoiie to normal individuals would lead to an increase 
111 piothiombin concenti ation above the average noimal With the aid of 
Di Robeit Noiris, an attempt was made to asceitam whethei this could be 
accomplished in a group of miscellaneous surgical patients at the Penns3d- 
vania Hospital The dose was 6 mg pei day The lesults weie essentially 
negative, though a slight shoi tening in the pi othrombm time was obsei ved This 
does not, of course, prove that at subnoimal levels an excess of vitamin K 
may not be advantageous, but the mass action hypothesis does lack this bit of 
suppoiting evidence Much largei doses might, of course, have a diffeient 
effect 

In thiee cases of hypopiothrombinemia, 111 which an increased dosage of 
vitamin K seemed paiticulaily useful, blood tiansfusions weie also given 
The effect was too gieat to be accounted foi by the piothiombin m the trans- 
fused blood and was accordingly ci edited, in part, to the added vitamin K 
Tocantins^” has leported a similar experience from the Jefferson Hospital 
and postulated that 2-inethyl-i, 4-naphthoqumone and blood transfusion 
might have a syneigistic action One can speculate that the added protein in 
the blood aids in improving hepatic function, 01 that it piovides needed build- 
ing mateiial foi piothiombin formation, or that prothiombin is composed of 
tvo or more substances, only one of which may require vitamin K for its 
formation This fi action might oidinaiily be the ciitical factor in governing 
prothrombin activity but in the vitamin K-fast patient another fi action con- 
tained in noimal blood might become the ciitical factoi 

The obsei vations of a synergistic effect of transfusion and vitamin K, or 
its substitutes, on the prothiombin level of the blood have not been sufficiently 
numeious to exclude coincidence as the explanation, but they do point to one 
approach to the pioblem of the patient nith hypoprothrombmemia who is 
resistant to vitamin K theiap)’’ 

A more fundamental approach to this pioblem, hon^ever, appears to he 
along the lines of impioMiig the condition of the Iner prior to opei ation 
On the basis of animal expeiiments, \\hich have been repoited by Doctor 
RavdiiM^ a diet has been made up for the pieparation of patients with 
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suspected modeiate or seveie hvei damage on his service at the Hospital of 
the Univeisity of Pennsylvania The diet consists of 75 per cent carbohy- 
diate, 20 to 25 pei cent of protein and not moie than 5 per cent of fat The 
total caloiic intake is of great impoitance and should exceed 2,500 caloiies 
pel day The diet is continued foi seven to 14 days before operation when- 
evei possible Stienuous effoits must often be made to induce the patients 
to eat adequately, but with added vitamins and added bile which is lyophihzed 
and given in capsules as suggested by Dr Charles Johnston, it has usually 
been possible to succeed and to have the patient gam weight pi eoperatively 
Sufficient time has not elapsed since this legimen was started to evaluate 
adequatel}^ its effect on the 1 espouse of hypoprothiombinemic individuals to 
vitamin K During the six months’ experience we have had, howevei , it has 
been possible to laise the prothiombin concenti ation to an adequate level foi 
opeiation in evei}'' case 

Figuies r, 2 and 3 illustiate how badly some of these vitamin K-fast 
patients need a legimen which will impiove the condition of their liveis 
These aie photomicrogiaphs of hveis obtained at autopsy from patients who 
had a fall m piothiombin in spite of active vitamin K therapy None of 
these patients was opeiated upon Whether diet could have lielped them 
may be doubtful, but it seems almost cei tain that the occasional patient whose 
piothiombin level will leinain at dangerously Imv levels aftei adequate die- 
tary pi epai ation and adequate vitamin K theiapy will have a hopeless piog- 
nosis foi othei leasons also 

The expeiimental data, so far available, indicate that hypoprothrombm- 
emia as it occuis m most patients, can be accounted for by an inteifeience 
with the foimation of prothrombin without postulating an accelerated 
destiuction of piothiombin Intel ference with piothiombin foimation may 
be due to absence of vitamin K fiom the ahmentaiy tract, faulty absoiption 
of the vitamin fiom the intestine, whicli is most commonly due to an inade- 
quate supply of bile salts, or impaiied production of piothrombin due to 
hepatic damage 

Fiom the clinical standpoint, a laige majoiity of suigical patients with 
prothrombin deficiencies will respond satisfactoiily to the administration of 
vitamin K and bile salts Some of those with impaiied liver function will 
1 espond poorly 01 not at all There ai e three methods of treating this group 
of patients The fiist is to inciease the dose of vitamin K This has not 
produced a satisfactoiy 1 espouse m many of those patients who weie not 
lesponsive to modeiate doses The second is to give tiansfusions of blood 
which should prefeiably be freshly diawn ^Vhether 01 not this has a syner- 
gistic action with vitamin K, it is a valuable method foi obtaining a temporary 
use m piothrombin concenti ation The thud method, which may be tried 
if time peimits, is to endeavoi to improve hepatic functional activity by 
dietary means m addition to the continued administration of vitamin K, for 
M ith impi ovement m the cellulai activit}' the likelihood of a more favorable 
lesponse to vitamin K therapy can hardly be doubted 
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Discussion ~Dr William DrW Andrus (New Yoik City) It is a 
paiticular pleasnie to heat Doctoi Rhoads’ paper and to follow the lines of 
thought in his piesentation, as oui own experience and line of thought have 
been siinilai As he stated, we independently confirmed his finding that 
hepatectoni}' is followed by a ver}'^ lapid fall in the plasma prothrombin, and 
we also showed that the administration of 10,000 units of vitamin K in the 
form of IClotogen and bile salts injected into the intestine at the time of 
opeiation failed to alter this fall in anj'^ May 

It IS also extremely mteiestmg that in the 49 cases which we have fol- 
lowed in oui OMNI series, m which we have used 2-methyl-i 4-naphthoquinone, 
the percentage which failed to respond is exactly the same as in his 

Doctor Rhoads has brought up seveial veiy mteiestmg points with regard 
to the physiology of the foimation of prothrombin and the efifect of liver 
damage upon it The fact that the piothiombin cannot be elevated above 100 
per cent of noiinal even by massive doses of the vitamin 01 of 2-methyl-i, 
4-naphthoquinone IS extiemely mteiestmg and can be veiy amply confirmed 
We have given as much as 100 times — well, moie than that — we have given 
to both noimal and prothiombm deficient dogs of 10 Kg weight, doses of 
50 mg of 2-methyl- 1, 4-naphthoqumone, i mg being sufficient to produce 
adequate response in an adult, without in any instance being able to produce 
a rise of the prothiombm above the normal What that is due to we do 
not know A possible theoretic explanation is that if the naphthoquinone be 
the fundamental building stone of piothiombin, the hvei has an upper limit 
above which it cannot manufactuie piothiombin no mattei how much of the 
law material is available 

We had one very sti iking instance — a clinical case which Doctor Rhoads 
may have remembeied I presented in discussing his paper last June — of a 
50-j^eai-old woman who had common duct obstruction and a very seveie 
jaundice and inflammatory reaction about the base of the gallbladder She 
lesponded stiikingly to the administiation of bile salts and vitamin K, her 
prothrombin returning to 100 per cent Then, despite the continued ad- 
ministiation of the same legimen, it suddenly fell down to 30 per cent and 
remained there until she died a few days latei At postmortem, she was 
found to have a thiombosis of the hepatic arteij'^ and portal vein with massive 
necrosis of the hvei — if you null, a functional hepatectomy 

We have used intramuscular injections of 2-methyl-i, 4-naphthoquinone 
m 49 cases with diminished prothrombin level, with satisfactory response m 
41 In three of these 49 patients, theie Avas clinical evidence of liver dam- 
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age as indicated b}'- livei function tests, but its exact natuie is not yet known 
In the five others, who failed to respond to 2-methyl-i, 4-naphthoquinone, 
and in two additional cases not included in the above senes who were treated 
with Ceiophil 01 Klotogen hut whose piothrombin did not rise despite con- 
tinued administi ation of the vitamin, the presence of marked liver damage 
was definitely pioved — at opei ation m two cases and at postmortem exam- 
ination in five cases 

These seven patients presented a wide variety of pathologic pictures, in- 
cluding Laennecs cirihosis, cholangitis, periportal hepatitis, multiple livei 
abscess complicating pylephlebitis, gas bacillus infection, cirihosis with central 
necrosis, and massive mfaiction of the liver secondaiy to the thrombosis of 
the hepatic arteiy and portal vein The lesions weie so diveise m nature 
and so widespiead 111 extent as to yield little information regaiding any 
specific type of hvei injuiy responsible for the decreased piothrombin pio- 
duction 

In conclusion I should like to emphasize another point that Doctoi Rhoads 
has made We have here in its reaction m formation of piothrombin, which 
IS mteifeied with in the presence of liver damage, a further reason for 
fortifying the liver by means of a high caibohydrate and high protein diet, if 
time permits before operation In any event, doses of glucose should be 
given befoie opei ation, in oidei to stave off, liver injury which may play a 
very vital role in the piothrombin metabolism as it does m other lespects 
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During the past two decades innumerable papeis have been written on 
the fluid and electrolyte loss in persistent vomiting, in diarrhea, following 
extensive superficial hums, and in maii)’^ other conditions, but until very re- 
cently, with the exception of the papers dealing with shock following trauma, 
very little has appeared in clinical literature on the important part that an 
adequate concentration of the plasma protein plays in keeping fluid in blood 
vessels No consideration of fluid and electrolyte loss and their restitution 
is sufficient unless the plasma protein is simultaneously considered The 
present symposium on a surgical program is evidence of the recognition by 
surgeons of the importance of plasma volume in a wide variet)'^ of conditions 
The clinical and experimental conditions to be briefl}’^ considered in this paper 
may seem to be um elated Indeed, m some cases the studies were initiated 
independently Nevertheless, a common factor would seem to appear as an 
important casual agent in each Tins factor is the protein of the body avail- 
able to meet the body’s demands under the prevailing conditions 

Genoa! Coustdo afwits — Many of the patients coming to the surgeon 
for operation have, as a lesult of restriction of diet resulting from a variety 
of causes, fiom visceral injury, or from excessive plasma loss, a reduction 
not only in the concentration of plasma protein but also in the total available 
plasma protein In fact, a reduction in the total plasma protein usually occurs 
before a reduction in the concentration takes place Even though the con- 
centration of the plasma protein is normal when the patient is first seen, it 
frecjuently falls sharply when fluids are administered in attempting to over- 
come an existing dehydration Observations we have made strongly support 
the concept that there is no such thing as a critical level of the plasma pro- 
tein at which edema becomes manifest As soon as the plasma protein falls 
below the normal concentration, fluid begins to leave the A^essels lesultmg 
fiist m a latent, and, finally, when the accumulation of fluid in the tissues is 
great enough, m an evident edema 

Weech and Ling^ have shown that the administration of large amounts 
of neutral sodium salts, such as sodium chloride, will intensify the edema 
normally occurring at the same level as the plasma protein Thus, frank 
edema may be present in patients receiving excessive amounts of salt solution, 
whose plasma protein concentration is well above the so-called critical level 
of edema of 5 2 Gm per cent In the presence of hypoprotememia, attempts 
to restore a normal fluid and electrolyte balance, without at the same time 

* Read before the American Surgical Association, St Louis, Mo , May i, 2, 3, 1940 
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increasing the colloid osmotic pressure by adding to the plasma protein, too 
frequently result only m adding to the extravascular fluid reservoirs 

Although the final pictures may be similar, the primary factors involved 
in hypoprotememia m many conditions are, of course, quite dissimilar In 
extensive superficial burns the h} poprotememia is the result of the excessive 
loss of plasma protein into the tissues The hypoprotememia associated with 
hepatic disease is no doubt due to a defect m protein synthesis, while the 
hypoprotememia encounteied m gastric and duodenal ulcer and cancer results 
frequently fiom piotein restiiction in the diet Thus, while a “loss oi lack’’- 
of piotein accounts for many instances of hypoprotememia, alterations from 
the normal of protein synthesis are also a factoi m some conditions 

The evidence now available shows that m starvation or on diets low m 
protein the protein content of ceitam viscera, especially the liver,"* is markedly 
reduced ^^^^atever the cause of the reduction m total plasma protein, it is 
unlikely that this reduction is not also associated with at least a paitial de- 
pletion of the impoitant stores of rapidly mobihzable protein of the body 
In piotein undernutrition the tissue stores of protein may suffer before hypo- 
proteinemia is excessive The stores of protein mobilized under these con- 
ditions have been designated by Whipple^ as “labile protein ’’ 

W hen adequate protein feeding is begun the depleted stores of visceral 
piotein must be at least paitly leplenished during the period of plasma pro- 
tein regeneration Tissue and plasma protein depletion and legeneration 
must, therefore, under many conditions go on simultaneously, the one com- 
plementing the other In dogs which we had kept on an extremely low 
protein intake and further reduced their protein reseives by plasmaphereses, 
we obtained evidence which suggests that intravenously injected plasma pro- 
tein was used for i eplemshment of protein stoies depleted during the period 
of protein staivation 

During undernutiition, tissue protein is protected m part as long as 
carbohydrate and fat are available for energy requirements The sparing 
action of carbohydrate on protein is too well known to require further 
discussion 

The many refeiences m surgical hteratuie to tissue regeneration upon 
a diet composed entirel)'- of carbohydrate demonstrate a fundamental lack 
of knowledge of cell regeneration, for tissue growth requires protein com- 
ponents, the ammo-acids, or larger aggregates, for building material 

Hypop) otemeinia and Its Effect on Gash o-tntestwal Motility — As Star- 
ling'* pointed out many years ago, the osmotic pressure of the plasma cry'^stal- 
loids, although large when compared with that of the plasma protein, is of 
minor importance m keeping fluids in blood vessels, for the ciystalloids pass 
freely m either direction through the Avails of blood A^essels As the plasma 
protein concenti ation falls from the normal 70 to 75 Gm per cent the 
osmotic piessure exerted b)”- the plasma is reduced and fluid begins to leave 
the vessels, causing at fiist a latent and finall}, when the increase of extra- 
A’ascular fluid is gieat enough, an evident edema Jones and Eaton** and Jones, 
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Eaton and White’'’ first called attention to certain complications which may 
occur during hypopi oteinemia and its accompanying edema 

The papers of Jones, Eaton and White,® '' and those which we have pub- 
lished,®-®’^® focused attention on the importance of nutiitional edema in 
gastro-intestmal surgery The increase in subcutaneous fluid in hypopi o- 
teinemia is but one manifestation of a widespread increase in tissue fluid 
and the gastio-intestinal tiact is not exempted from this process Mecray, 
Balden, Frazier and I® ® •^® ha\'e shown that even when the gastro-intestinal 
tract of the dog is intact, a reduction in the plasma protein concentration 
will lesult in a marked increase in the normal gastric emptying time and a 
fuither delay in cecum appearance time We have in a number of instances 
after operation upon oui own patients, and in patients operated upon by 
other surgeons, found that the retardation of gastric emptying time may be 
so prolonged as to simulate a technical defect in the anastomosis We have 
in fact, come to the conclusion that so-called “vicious circle” more often 
results from a disturbance in the normal movement of fluids than from tech- 
nical defects of the new anastomosis 

In dogs, which many months previously had had a pylorectomy with 
restoration of gastro-intestmal continuity by the Polya technic, a reduction 
m the plasma protein by diet and plasmaphereses results in a marked increase 
m gastric emptying time The loentgenographic appearance in these dogs, 
following the barium meal, is similai to that observed in many of the patients 
who supposedly have retention from a defect in the anastomosis after a 
similar operation 

The prolonged inteifeience with a noimal diet which many of the patients 
coming to opeiation for gastric and duodenal ulcer and gastric cancer have 
had, results, fiequently, m varying degrees of undernutntion The total 
caloric intake and the composition of the diet have very often been inade- 
quate The protein starvation ma}-^ be the lesult of a self-imposed diet, but 
we have been impiessed with the frequency with which hypoproteinemia has 
been observed while patients weie under supposedly competent medical care 
In man, the pioblem has been fuither complicated by the fact that there are 
frequently associated deficiencies in ceitam of the impoitant accessory food- 
stuffs which affect gastro-intestmal motilit}'^ and pattern 

Hypopi oteinemia intensifies the edema of trauma naturally occurring at 
the site of gasti o-intestmal suture Undei normal conditions of fluid ex- 
change the edema of trauma begins to disappeai 48 to 72 hours after opera- 
tion, but in the presence of hypoproteinemia it continues to inciease during 
this period, resulting in a mechanical impediment to the forward progress 
of the gastric contents 

Furthermore, when gasti ic contents pass into the small bowel the progress 
IS further restricted by a coincidental, though less marked, decrease in small 
intestinal motility 

Surely, the convalescence of these patients will be smoother and the 
incidence of untoward complications will be reduced if nutritional deficits 
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are, if possible, corrected prioi to opeiation, oi as soon as possible aftei 
operation 

I shall not discuss the many methods which may be employed both befoie 
and after operation to correct protein deficiency At present we have found 
that the most rapid means of correcting it is by repeated plasma transfusions 
These are well toleiated and rarely associated with the postinjection reac- 
tions so frequently obseived after employing serum We believe that it is 
better to administer small amounts of plasma repeatedly, over a long period, 
than to inject large amounts during a very short period When more time 
is available and after operation upon patients whose “labile stoies” of protein 
are thought to be veiy low, the orojejunal method, which Stengel and 
have described, is useful and practical Although we have used varying 
amounts and combinations of ammo-acids, mti avenously m these patients, we 
have as yet no significant data that their administration in this manner will 
lead to the rapid synthesis of plasma protein Even though we have, in a 
few instances, m the dog and m man obtained a positive nitrogen balance 
for a biief peiiod, we have never observed a significant rise in the plasma 
protein concentration oi the total plasma protein unless these substances were 
placed directly into the gastro-intestmal tract Is the older viewpoint, that 
the gastro-intestinal mucosa conditions the amino-acids foi piotein-building 
stores, perhaps the correct one^ 

Wound Healing — In a study of wound healing which Smelo^® made in 
my department, in 1935, he concluded that “factors other than the local dress- 
ing appear to play the dominant role in determining the rate of wound 
healing ” Anderson, continuing these studies, stated that “the healing of 
granulating wounds under normal conditions, as determined by precise volume 
measurements, occurs according to a regulai geometric curve which may be 
expressed as a function of area and time, by the mathematic equation pre- 
sented by Carrel^'’ and DuNouy^® for the noimal cicatrization of clean surface 
wounds ” 

That disruption is still encountered m wounds fiee from infection, in 
which hemostasis was excellent, in which trauma to tissues and tension was 
minimal, and unusual strain obviated, strongly supports the concept that 
other factors of a general character play an important pait in the failure of 
certain wounds to heal That purely local factors may intensify the factors 
of a biologic character will not be doubted by anyone who has carried on 
investigations m this field 

We have shown that dogs which have been made hypoproteinemic by 
prolonged feeding of a low protein diet and plasmapheresis have a marked 
delay in fibroblastic proliferation and thus wound healing is retarded The 
hypoproteinemia in our animals was but one manifestation of the protein 
starvation of the dogs Although at first we were inclined to attribute the 
delay m fibroblastic proliferation to the piesence of edema, we are now con- 
vinced that the mechanism is associated with a profound disturbance in pro- 
tein metabolism, the hypoproteinemia being only an easily measurable indi- 
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cator of the extent to which the so-called “labile stores” of protein have 
already suffered 

It IS well known that cellulai lepan and regeneration require protein, for 
in the absence of an adequate amount of ceitain essential animo-acids growth 
cannot take place Admont Claik^’’ has shown that on a diet high in protein 
theie was no quiescent period in the lepan of wounds, and Haivey and 
Howes^® have shown that such a diet causes accelerated fibioblastic prolifera- 
tion Without adequate building stores lepair cannot take place 

A protein deficiency is of couise not the only mechanism resulting in 
wound disiuption Sokolov^'’ and Lanman and Ingalls'” have shown that a 
vitamin C deficiency is also an impoitant biologic factoi in this complication 
These two nutritional distuibances aie fiequently found in patients who 
come foi operations for gastiic ulcei and cancel, duodenal ulcer, and biliary 
tiact disease That plasma ma}' be employed to restore dejileted protein 
stores was indicated in tlie expeiiments m which we gave large amounts of 
plasma, as much as 2,400 cc duiing a two-week peiiod, to hypoprotememic 
dogs that had been on a low piotein diet foi some days The amount of 
plasma which we administered intravenously was more tlian six times the 
calculated plasma volume of the animal, but the plasma piotein concentra- 
tion nevei exceeded the original noi mal level for the dog "Ahth the restora- 
tion of a normal seium piotein concentration and, veiy likely, a moie nearly 
normal stoie of tissue piotein, the wounds promptly healed Addis,® and 
Holman, Mahoney and WhiiDple-*^ have shown that plasma protein can be 
utilized to replenish the depleted stoies of tissue protein, and it is this purpose 
we believe that the excess piotein, we injected, fulfilled 

When all the local factors favoring wound disruption are controlled, theie 
will remain wounds whose failure to heal must be due to moie widely acting 
causes such as Itypopiotememia and a reduction in “labile protein” stores, and 
deficiencies in impoitant accessoiy foodstuffs 

Pi otetn and Its Influence in Pt eventing Visceial Injiny — In a study of 
the protective action of oxygen against livei injury, when certain hepatotoxic 
anesthetics weie employed, oui attention was directed to the relation of the 
dietary regimen to the susceptibility of the liver to damage by these same 
agents That a diet high in carbohydiate is protective and that a diet high in 
fat induces maximal susceptibility of the hepatic cells when the livei is ex- 
posed to chloioform, has been repeatedly confirmed since the oiigiiial repoits 
by Opie and Alford-- Expeiiments which Goldschmidt, Vais and P® have 
repoited strongly suggest that glycogen pei se does not protect the liver fiom 
the injuiious effects of chlorofoim Chemical analyses of the livers of 
animals following various diets, which were considered adequate and where 
feeding was prolonged, together with histologic evidence of changes 111 the 
cytology of the liver cells, have provided data which must lead to a realign- 
ment of our concept of the mechanism by which diet protects the liver or 
increases its susceptibility It furtheimoie may, by inference, lead to certain 
conclusions on the effect of diet on legeneration 
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The data which Goldschmidt, Vars and obtained conclusive!}^ demon- 
strated that, regardless of the reasons for the toxic action of chloioform upon 
the cells of the liver, the incidence and degree of injury increases with in- 
creases in the concentration of lipid in the liver The data reveal no evidence 
that the level of hepatic glycogen per se, at the time of anesthesia, influences 
the toxic action of chloroform 

The hypothesis which assumes that glycogen per se is efifective m pro- 
tecting the livei against the action of chloroform received no support from 
our experiments The data on the incidence and seventy of damage to the 
liver with high and low contents of glycogen weie essentially the same wheie 
the content of hpid was similar There can be no doubt but that the suscepti- 
bility of the hvei to injuiy by chloioform is markedly enhanced by the 
presence of small increments of fat 

On the othei hand, when animals had been fed diets with a relatively 
high or low content of piotem in the rations, and where the lipid concen- 
tration was similar, a striking piotection was observed m the lats which had 
been provided 17 per cent or more of their total caloiific value from piotem 
The significant difference is to be found 111 the severity of the cellular changes, 
for 111 the high protein group areas of necrosis 111 the liver were found m but 
41 per cent of the rats, while in the low protein gioup extensive necrosis 
was present in 88 per cent of the rats Although a high protein diet did 
not markedly influence the total incidence of hepatic injury, it decidedly 
reduced the degree of injury The protective action of protein revealed 
itself even 111 animals with a high concenti ation of hepatic lipid and a low 
concentration of hepatic glycogen The incidence of hepatic injury m starved 
rats was compared with that which was found in fed animals with the same 
initial hepatic fatty acid concentration The extent and seventy of the 
damage to the liver m the starved animals was almost maximal and nearly 
as great as that which we had observed m fed animals with approximately 
50 per cent concentration of hepatic lipid 

That a high carbohydrate dietaiy regimen is efficacious in preventing liver 
injury is agieed to by every clinician who has administeied such a diet in 
patients with hepatic disease It would seem that the explanation of its 
action must he 111 some concomitant effect produced by large deposits of 
hepatic glycogen Rosenfeld-"* has found that under many conditions of the 
body, depletion of hepatic glycogen is followed by an increase m fat m that 
organ and vice versa Opie and Alford-- suggested that the neciosis pro- 
duced by chloroform, phosphoius and similar substances is peihaps the ana- 
tomic expression of advanced disintegration of body piotem Carbohydrate 
may, therefore, also be of value in limiting the necrosis due to these agents, 
by exerting its recognized function of sparing body protein 

The comparative protective value to the liver of foodstuffs against 
neciotizing anesthetics resolves itself, therefore, into the positive action of 
dietaiy piotem versus the increased susceptibility to injury with increments 
m the hepatic lipid In contrast to the indirect protection afforded by carbo- 
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h3'^diate the piotection avoided by protein would seem to be a direct one, 
perhaps i elated to some mtnnsic value of the piotein itself 

The data which we have collected have led us to postulate that a liver 
high in hpid content and low in piotem is maximally susceptible to injury, 
a liver low m fat and high in protein is maximally protected from injury 
Carbohydiate is advantageous only if, duimg its deposition in the liver, fat 
IS displaced and if, as a result of an adequate store of hepatic glycogen, 
hepatic pi otein is spared 

Piotem stored or elaborated into the body tissues may serve to protect 
the hepatic cells oi to offei protein for legeneiation should damage occui 
The inci eased susceptibility of the starved animal is in our opinion chiefly 
a mattei of depletion of its easil}' inobilizable protein stores 

Even so great an advocate of the carbohydrate protective concept as 
Geoige Whipple-'^ has recently confirmed oui findings, and his associates-" 
have extended tiiem, for they have shown that a high protein dietaiy regimen 
protects the livei fiom the neciotizing effects of aisphenamme It is highly 
likely that a protein deficiency in the oiganism, frequent m surgical patients, 
either with oi without hypopi otememia, may lead to hepatic and other visceial 
injury following the use of a wide vaiiety of hepatotoxic agents 

The evidence which we have brought forth, fortified by the recent in- 
vestigations of Miller and Whipple,-" and his associates, Messmger and 
Hawkins,-" makes it highly probable that a caibohydrate-protem diet should 
be given in the future before opeiation wheievei possible, and begun again 
aftei operation as soon as the gastro-intestmal tiact will tolerate food 

Johnson, Vais, Zmtel and P' have found that in the dog with a high 
lipid content in the liver, a diet consisting of appi oximatel}'' 72 pei cent of 
the calories as carbohydrate, and 28 per cent as pi otein, Avas twice as efficient 
in 1 educing the concentration of hepatic hpid as caibohydiate alone given 
m the same numbei of calories per kilogiam per day If minimal visceial 
injuiy IS to be conditioned and repair facilitated, an adequate amount of 
protein must be added to an otherwise satisfactory caloiic intake 

CONCLUSIONS 

An attempt has been made to demonstrate that a protein deficiency may 
be of serious significance in suigical patients The reduction of the plasma 
piotem, both in concentration and total amounts, frequently is associated 
with a reduction in the amount of protein stored m certain viscera A re- 
duction m tlie concentration and total amounts of the plasma protein as well 
as the so-called "labile stoies” of body piotem may result in the failure of a 
newly formed gastro-enteiic 01 intestinal anastomosis to function normally, 
to impairment of normal fibroblastic prolifeiation and to inci eased suscepti- 
bility of certain viscera to damage by hepatotoxic agents 
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FLUID AND NUTRITIONAL MAINTENANCE BY THE USE OF 

AN INTESTINAL TUBE 

W OsLER Abbott, M D 
Pmt\DELPJii\, Pa 

IROM TUP r\STnO INTESTINAL SICTION (mNSEI THOMAS JOUVOmov) OI THE MFDIC\I CLINIC, IIOSPIT\L OF THE 

tJNt\ FIISITY OI I ENNS1L\ ANr\, PHII VDELPHIA, JA 

The aiaintenance of the fluid balance and nutritional state of a patient 
with an obstiuction of the aliinentar}' canal is made easiei by the use of a 
lubbei tube, but the mannei of its use is diametiically opposite iii the uppei 
as compaied to the lower end of the tiact When the esophagus oi the py- 
lorus IS blocked, the tube inaj" be suigically inserted below the lesion Food 
IS injected thiough it and the lesidue is passed by lectum When the small 
intestine oi colon is obstructed, the tube may be swallowed to the point of ob- 
stiuction and thiough it may be withdiawn the lesidue of food which is eaten 
normally Thus the nutiitional pioblem in the high obstruction is to pre- 
paie a food that can be injected and will be tolerated by the digestive tract, 
in the low obstiuction it is to And an adequate diet the residue of which can 
be withdrawn 

The pioblem is relatively simple in esophageal cases because the stomach 
toleiates a wide difference m the composition of its contents, and long ex- 
perience with gasti ostomies has shown that any feeding containing a reason- 
able balance of piotem, fat, caibohydrate vitamin, minerals and watei will 
meet the lequirement 

Jejunal feeding aftei the surgical lehef of a pjdoiic obstiuction is, how- 
evei, a fai moie debatable subject First, because it is not geneially thought 
to be advisable, second, because the technic is less standaidized , and, thud, 
I'^ecause the jejunum is a far moie sensitive organ than the stomach and 
less toleiant of random feeding mixtures 

No one, to my knowledge, advocates jejunal feeding aftei eveij' gasti o- 
entei ostomy On the othei hand, patients with slowly stenosing pyloric 
lesions whose emaciation has become marked, before an episode of intractable 
vomiting bungs them to the suigeon, present such a grave nutiitional piob- 
lein that one is impiessed moie by the fact that standard measures aie so 
often successful than by the frequency with which failuie results The 
problem is intensified, moi cover, bj'- the common practice of keeping the 
stomach empty foi anothei thiee oi four days after opeiation Dm mg this 
period, watei, salt, and carbohydrates are given in abundance intravenously, 
but the protein intake is limited to that which can be administeied by trans- 
fusion , and the total caloric intake rarelj'- attains Soo per day The woi k 
of Ravdin and his associates,^ in particulai, has, during the last few years, 
laid ample emphasis on the importance to the surgical patient of the protein 
intake Not only does hypoproteinemia adversely affect wound healing, but 

* Read before the American Surgical Association, St Louis, Mo, May i, 2, 3, 1940 
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many of the mechanical difficul- 
ties encountered at the gastro- 
enterostomy stoma, Avhich were 
formerly thought to be due to 
errors in suigical technic, have 
been shown by them to be due to 
hypoprotememic edema of the 
traumatized intestinal wall The 
preceding speakers m this sym- 
posium have amply claiified the 
role which slight imbalance in the 
salt, fluid and protein intake can 
play in complicating the conva- 
lescence of these patients 

Noting the frequent use of in- 
ti avenous infusion to sustain 
postoperative patients, and being 
impressed by the fact that the en- 
tire absoibmg surface of the small 
intestine was available for tube 
feeding after a gastro-enteros- 
tomy, Andresen,^ in 1918, began 
the practice of pasing a Jutte tube 
into the jejunum at operation 
The procedure, however, fell into 
disuse as appreciation of the im- 



Fic I — The gastro enterostom> tube in place (A) 
route of injection of nutrient solutions, (A') point of 
emergence of the solution, (B) attachment for the appli 
cation of suction, (B ) points from tthich contents are 
aspirated (Reproduced from JAMA, 112, 24 j 4, 
June 1939 ) 



Fig 2 — Small intestinal tubes arranged in a manner suitable for the treatment of acute intestinal 
obstruction (A) Constructed with two tubes fastened together, (B) constructed with one double 
liimened tube, (C) 50 cc glass sjringe for filling the balloon (L) , (D) bottle for collecting and measur- 
ing the aspirated intestinal contents, (E) tube leading to sjphon bottles for maintaining suction, (F) 
passage through which intestinal contents flows, (G) anv t\pe of metal or rubber tip small enough to 
pass through the nose, (H) passage conducting air to the balloon, (I) hub of a Xo 16 gauge needle 
to receire the s\ringe nipple, (J) a portion of the needle barrel inserted in the small tubing to 
facilitate tj mg on the balloon, (K) silk threads looseK taing the tubes together (L) about two and one 
half inches of rubber condom tied on with silk to form a balloon that can easilj accommodate 30 cc of 
air (Reproduced from Penn State Med Jour, 42 890, Mai, 1939) 
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portance of an empty stomach after gastric surgeiy gamed ground, and tubes, 
if passed at all, were used foi aspiration purposes only Rawson and P have 
met both requirements by using a double-lumened tube, one passage for gastric 
suction, one foi jejunal feeding (Fig i) The surgeon passes the tip through 
the stoma on completion of the anastomosis and 12 hours later jejunal feeding 
IS begun An extiemely cachectic individual, dying after such a tube had 
traversed the sutuie line for 13 days, showed no gross or microscopic evidence 
of damage to the mucosa The feeding can be given by drip, by the elec- 
trically controlled pump of Stengel and Vars,^ or by intermittent injection of 
20 cc volumes with a syiinge The last method gives a slight stimulus to 
peristalsis which starts the distribution of the fluid down stream 

The feeding mixtui e must be prepared with the following points in mind, 
VIZ (a) The normal fasting jejunal contents are hypotonic,^ (b) the 
maximal glucose concentration that will noimally enter the duodenum from 
the stomach is 15 per cent,*’ (c) the maximal sugar concentration obtainable 
from the jejunum after glucose ingestion is 6 per cent,'^ and, finally, (d) 
hyperperistalsis is produced by the mti eduction into the intestine of any 
glucose solution greatly in excess of these values ’’ Glucose has been taken 
here as an example of the end-iesult of digestion In general, the same is 

true of amino-acids and fatty acids In a word, it seems desiiable to pre- 
digest the food to avoid the iisk of theie being inadequate ferments for di- 
gestion in the sick patient, but the farther the process is carried the more 
irritant bcomes the product, unless the concenti ation is coi 1 espondmgly re- 
duced Thus, the more the predigestioii tlie harder it becomes to increase 
the calories though it is possible that more of what is given is absorbed 
That this IS not an insui mountable pioblem is indicated by the very con- 
siderable success experienced by Stengel and Ravdin® in elevating the serum 
protein level of these patients by the jejunal feeding of a casein hydrolysate 
This IS not yet on the market, however, and for the present acidified skim 
milk, incubated with commeicial pepsin and fortified with 6 Gm of dextrose 
per 100 cc , and neutralized by the addition of sodium bicarbonate, gives a 
relatively high piotein, high caibohydiate, and low fat feeding, that supplies 
about 1,500 calories in 2 5 liters To this should be added, per day, i cc of 
viosteiol in fish liver oil, 20 mg of thiamin chloiide, 50 mg of nicotinic acid, 
and 100 mg of ascoibic acid The food value of the mixture can be in- 
creased as the patient’s tolerance permits 

This proceduie, of postgastro-enterostomy jejunal feeding, has not yet 
been carried out in enough patients to allow the piesentation of statistically 
valid evidence as to its worth in comparison with standaid methods Suffi- 
cient experience has been had with it, however, to wairant the statement that 
It IS both practicable and practical 

A t3'-pical case is one from the series of Stengel and Ravdin 

Case Report — B K, male, age 57, was admitted to the hospital, with a history of 
15 years of “heartburn” and “bloating,” especially after heavy meals He habitually ob- 
tained relief by inducing vomiting or by taking sodium bicarbonate Constipation was 
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persistently present Six months before admission he lost his appetite Though his 
weight loss was 20 pounds during the last four weeks before his admission, he stated that 
frank pain was of less than 24 hours’ duration Vomiting had become spontaneous and 
frequent Examination revealed generalized upper abdominal tenderness without rigidity 
The initial impression of a duodenal ulcer was confiimed at operation but evidence of a 
previous small perforation was presented b}' the fibrinous exudate over the surface of the 
stomach and the firm adherence of small bowel to the anterior surface of the duodenum 
A posterior gastrojejunostomy was performed, and before closing the abdomen a double- 
lumened gastro-enterostomy tube was passed through the stomach into the jejunum 

Before operation, he was dehydrated, and showed a plasma chloride level of 95 2 
m eq /L , and a plasma protein of 7 i Gm per 100 cc Gastric suction was instituted at 
once, and jejunal feeding was started on the second postoperative daj In spite of a trans- 
fusion both before and after operation, his plasma protein level had dropped to 5 3 Gm pei 
100 cc bj that time During the next week he received no further transfusions, all his 
fluid being given bj mouth or into the jejunum That which was taken by mouth was, 
in the mam, drained out again promptly, serving chiefly to keep the mouth and throat 
clean and the stomach washed clear of mucus On the first day of jejunal feeding, the 

volume given was limited to 6S0 cc Thereafter, it varied from 1,794 to 2,274 cc per day 

At the end of this week the plasma protein was 67 Gm per 100 cc The feeding mixture 
used in this instance was an experimental casein hydrolysate being investigated by Doctors 
Ravdin and Stengel It contained 5 per cent of glucose as well as the split products of 
casein digestion From the standpoint of technic, however, it exemplifies the simplicity 
of a method that promptly makes available to the physician the normal route of absorption 
in a patient the nature of whose disease would otherwise force one to the use of more 
artificial procedures 

Obstructions below the pyloius, involving the small intestine and colon, 
present a totally diffeient problem from the nutiitional standpoint, and here 
the use of the tube is reversed (Fig 2) Its pi unary purpose is to decom- 
press the distended intestine and to tide the patient over an acute crisis If 

the obstruction is of such a natuie that operation is necessaiy, the patient 
must be properl}'^ prepared for suigeiy from the fluid, electiolyte and serum 
protein standpoint, if the obstruction is of inflammatory origin, he must be 
kept in a good state of nutiition during the week or two which may pass 
befoie his bowels move^ There are two chief points of importance to be 
considered here First, to appreciate the extent to which his electrolyte re- 
serves are being depleted by the constant drainage of his intestinal contents , 
second, to supply him with a diet that he can eat in spite of an inlying tube 
m his nose and throat, and that will yield a residue which can be drawn back 
through the tube 

The most important element lost in the diamage from points below the 
duodenum and high jejunum is sodium chloride Too much has been said 
already about the causes and results of salt loss and the technic of its replace- 
ment to require amplification here Maddock^” has devised a formula for 
calculating the immediate salt replacement required vhen the patient is in a 
critical state It is a great help during the period of maintenance, however, 
to use the volume of drainage as the basis of calculation for salt replacement 
because it is so obviously quick and convenient Luckily, the concentration 
of salt loss IS remarkably constant in the face of even widely varying amounts 
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of salt and fluid administeied, without regard to tlie route of admmistiation “ 
Figure 3 shows that about o6 Gm per loo cc not only represented the 
average of 67 determinations but it is apparent that little deviation fiom the 
aveiage took place and that little variation occuired when collections were 
made fiom diffeient levels in the bowel Figure 4 shows the range of varia- 
tion in an individual case From this, the convenient conclusion may be 
diawn that sodium chloiide, grains x, given in capsules each time the patient 
dunks 100 cc of watei will come very close to maintaining an intake of the 
same salt concentiation as is present in the output by diainage 

SODIUAf CHLORIDI LOSS IN DRAINAGF FROM ORSTRVCTm INTrSTINP 


5 PATinNTS 

(Gm /loo cc ) 



Analyses 

Highest 

Lowest 

Average 

Stomach, duodenum and jejunum 

10 

0 68 

0 37 

0 49 

Ileum 

49 

0 81 

0 38 

0 61 

Cecum 

8 

0 65 

0 51 

0 59 

Total 

67 



0 58 


10 


Total 

Distribution 5 
Curve 


o 

39 44 49 54 59 64 69 74 79 

Gm /loo cc 

Fig 3 — Concentration of sodium chlonde lost by intestinal drainage 

Anothei bit of good fortune is appaient in consideiing the food require- 
ment The importance of a low 1 esidue has been stressed Since the patient 
with intestinal obstiuction may be in as great need of serum proteins as the 
patient with pyloric obstiuction and foi much the same reasons, it is fortu- 
nate that a high protein diet and a low residue diet are identical The best 
stud)^ of dietary residue in this legard is still that of Hosoi, Alvarez and 
Mann 

When a patient with a low obstiuction is treated by the passage of a 
small intestinal tube, strained fluids should be started at once provided that 
salt is given as described While the tube is in the stomach this constitutes 
gastric lavage As soon as it traverses the duodenum the fluid begins to 
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contribute to liis maintenance When the tube is progressing down the 
jejunum strained soup, tea, cofifee, melba toast, puffed rice and clear jellies 
are cautiously tried To this may be added zwieback, Holland lusks, boiled 
rice, cream cheese, well cooked eggs and finally stiained cereal, chicken and 
lean beef and lamb Noer and Johnson^"* have reported a veiy satisfactory 
dietary On such a regimen the patient should be able to take 1,500 to 1,800 
calories daily foi two to three weeks m spite of complete obstruction if the 
nasal and throat iriitation from the tube can be combated for that long a 
period 
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Fig 4 — Case E B A postsplenectonij obstruction of the small intestine nas 
constanth decompressed bj aspiration of the small intestinal contents abo\e the 
point of obstruction for ten days Because of technical difficulties he could not be 
controlled satisfactonlj and, therefore, required salt bj mouth (black) and 
parenterally (clear) at totalh irregular intervals In spite of this, the salt con 
centration in the drainage did not ^arJ more than o 15 per cent from the usual 
a\erage level of o 6 Gm per loo cc 


Under these cucumstances his vitamin requirement may be met by the 
use of viosteiol capsules, autolized brewer’s yeast and oiange juice in ade- 
quate amounts daily 

A typical case so treated is appended 

Case Report — J R ,* white, male, age 58, steamfitter, was in good health till 2 45 
I’M vhen he was seized with a diffuse cramp-hke pain in the abdomen N\hile he was at 
vork in the hospital In retrospect, he afterw'ards recalled some vague abdominal distress 


* Patient of Dr E L Ehason 
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during the preceding 48 hours but he had paid no attention to it Within an hour, the 
pain had localized in his right lower quadrant, he began to vomit, and in less than two 
hours from the onset, operation had revealed a ruptured appendix with seropurulent fluid 
free m the peritoneal cavity The wound was drained and he was given sulfanilamide 
At the end of 24 hours, a Wangensteen tube was used because of distention This was 





riG 5 — Case J R Roenttenograpliic e\idence of small intestinal obstruction 


remo\ed on the second day, and for the next six days the patient took liquids b> mouth, 
but because of ill-defined distress on eating it was necessary to supplement this bj intra- 
venous infusions of glucose and salt solution Peristalsis was present but was hypo- 
active till the sixth postoperative day when it became hyperactive and the patient vomited 
This was repeated on the eighth da> The Wangensteen tube was reinstated but was again 
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removed on the ninth day because the patient was comfortable On the eleventh day 
vomiting recurred, accompanied by distention This rapidly increased and a gastro- 
intestinal consultation was asked for on the thirteenth day Although the patient passed 
one puff of flatus that day the clinical and roentgenologic evidence was of a mid small 
intestinal obstruction (Fig 5) A long intestinal tube was passed into the stomach by 
Dr Richard Warren, but for over two days neither he nor I could advance it into the 
small intestine During that time it kept the stomach deflated and some decompression 
was accomplished by removing the reflux of small intestinal contents The advisability 



Tig 6 — Case J R Roentgenogram showing a tube descend 
mg the small intestine The patient was taking fluid, salt and 
food by mouth Decompression was not jet complete 


of performing an enterostomy was repeatedly discussed but on the third day Doctor War- 
ren successfully introduced the tube into the jejunum and from then on decompression 
progressed rapidly On the seventeenth daj", the location of the obstruction was demon- 
strable by the injection of barium down the tube under the fluoroscopic guidance One 
isolated segment of ileum remained out of reach of the tube for a time (Fig 6) but m the 
course of a few days the tip entered and emptied it also On the tventy-first day a little 
feces was passed but it was not until the twentj^-third day that the tube could be clamped 
off entirely It was removed on the twenty-fifth dav and convalescence continued nor- 
mallj with no subsequent evidence of obstructive phenomena m the jear that has elapsed 

591 


W OSLER ABBOTT 


Annals of Gurgen 
October 1040 


From the sixteenth to the twenty-fourth day the patient was, for all 
piactical purposes, completely obstructed, though toward the last of this 
peiiod he began to pass small quantities of feces per rectum Intravenous 
infusions were administered occasionally but, from the nutritional stand- 
point, he deiived most of his fluid, salt and calories from what he took by 
mouth His nutrition was good when his appendix ruptured During the 
first two weeks aftei operation he received far less than his basal caloric 
requuement When intubated he was dehydrated, his serum chlorides were 
89 meq/L and his seium protein 6 8 Gm pei loo cc Three days later he 
was hydiated, his serum chlorides were 966 m eq /L and his serum proteins 
5 9 Gm pel 100 cc It IS doubtful if the change m percentage concentration 
means anything moie than increased blood volume By mouth he received a 
diet of 1,200 caloiies m tliree meals to be chosen from the foods listed earliei 
These foods weie well salted and in addition lie received salt in capsules as 
indicated Two blood transfusions were given during Ins hospital stay His 
vitamin requirement was adequate He did not always eat the amount of food 
ofifeied and on some occasions he vomited a portion of what he had eaten 
Although this case could not be conducted as a balance experiment, it was 
the feeling of the staff that his state of nutrition was good when the obstruc- 
tion disappeared In support of this opinion was the fact that he was sitting 
up beside his Wangensteen bottles while still obstructed and was well enough 
to go home the day his tube was removed 

CONCLUSIONS 

In the piesence of high obstructions in the alimentary canal a tube may 
be placed by smgical means m such a position that food may be introduced 
into the tract below the obstructing lesion When this food is placed in the 
stomach a wide leeway in its preparation is peimissible When the food is 
placed m the small intestine it must be ver)'^ carefully prepared so that it will 
not be nritant fiom too little digestion on the one hand or fiom too much 
digestion on the other 

In the presence of low obstructions the tube is passed to the obstruction 
itself and is then used to recover the residue of food eaten normally The 
point of importance under these circumstances is to supply those foods most 
needed by the patient and at the same time to avoid all foods the lesidue of 
which cannot be drawn back thiough ten feet of tubing 
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PARENTERAL REPLACEMENT OF PROTEIN WITH THE 
AMINO-ACIDS OF HYDROLYZED CASEIN 

Robert Elman, M D 
St Louis, Mo 

rnOM THE DFPAIITMFNT OF HUIiOin^, ^\ASIrI^GTO^ UNIX EHSITl \ND TIIF EARVES A\D HOMER PIIILIIPS HOSPITALS 

SAINT LOUIS MO 

Parenieral replacement of protein lias become recognized as an im- 
poitant theiapeutic need only during the past decade This has been due 
largely to an inci easing realization of the fiequency and seriousness of bypo- 
pi oteinemia in a variety of patients and in the apparent inability of the body 
to always correct this deficiency spontaneously The problem is made more 
seiious by the fact that transfusions frequently fail to correct the deficiency 
and foi many othei reasons , there is, in addition, a growing appreciation 
that protein needs other than those for the synthesis of seium protein may 
be important in many patients nutritionally depleted and unable to take and 
absoib nomishment adequately by mouth 

The possibility of supplying protein needs parenterally with amino-acids 
has been suggested from time to time, paiticularly by Rose/ m 1934, and 
was achieved experimentally as early as 1913 by Henrique and Andersen - 
In the human, ammo-acids weie injected intravenously foi purposes of pio- 
tem alimentation for the first time in this clinic,^ the amino-acid preparation 
used at that time was a mixture obtained by acid hydrolysis of casein, forti- 
fied with tryptophane which is destioyed during digestion by acids Evidence 
of utilization, experimentally and clinically, as well as therapeutic effects in 
patients, was observed ^ The necessity of adding tryptophane was, howevei , 
a disadvantage because of its cost 

The present obseivations are concerned with the injection of an enzy- 
matic hydrolysate of casein,! containing all ammo-acids present in casein, 
including tryptophane, and capable of maintaining nitrogen balance and pro- 
moting normal growth m lats “* This prepaiation has the power of provoking 
serum albumin restoiation in experimentally produced acute hypoprotein- 
emia ^ Clinical observations in children have already been reported with this 
enzymatic product by Shohl, Butler, Blackfan and MacLachlan,® and by Farr 
and MacFayden '' Botn of these groups of observeis presented data indicat- 
ing that the injected material was utilized Although the former workers 
noted severe reactions (chills and fever) following the injection in several 
babies, the latter have injected large amounts without such reactions ® Un- 
doubtedly, this difference was due to diffeiences in the manner of preparation 
of the solutions for intravenous use 

* Aided by grants from the Louis B Beaumont Fund, and from Mead Johnson &. Co 
Read before the American Surgical Association, St Louis, Mo, May i, 2, 3, 1940 
T This material has been generously supplied by Mead Johnson and Company, Evans- 
ville, Indiana 
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The enzymatic hydrolysate, though a complete mixtuie of ammo-acids, 
IS, I am told, not as easy to piepaie as the acid hydrolysate because of 
luimeious technical difficulties Unlike the latter, the former product is not 
completely hydrolyzed, only two-thirds being in the foim of amino-acids, the 
remaining thud being m a moie complex foim, presumably dipeptides It is, 
however, not anaphylactogenic for guinea-pigs , moreover, the incompleteness 
of the hydiolysis is apparently of no biologic significance This enzymatic 
preparation of casein (called 92-Z) was used in all of the observations re- 
poited heiein It should be mentioned, however, that successive batches of 
this pioduct have been used, each of which has represented impiovements 
111 the method of manufactuie as shown by easier solubility and less tendency 
toward leaction when injected mti avenously, even when given at a fastei 
late than earlier products 

Method of Admimsti ation — As received, the product is a diy, impalpable 
powdei which is made up as a 10 per cent solution and heated to 90° C Foi 
complete sterilization the solution is passed through a Seitz (EK) filtei and 
100 cc amounts poured into flasks containing 400 cc of steiile 10 per cent 
glucose, the mixture is then injected intravenously during one hour Thus, in 
eight hours of continuous venoclysis (or two foui-houi peiiods) 4,000 cc can 
be injected — containing 1,600 calories and 80 Gm of piotein as amino-acids 
Adequate electrolyte is also added, oidinaiily as concentrated Ringer’s solu- 
tion — equivalent to 10 Gm of salt per day The nitiogen concenti ation of 
the 10 per cent solution is i 2 Gm per cent — so that when 4,000 cc are ad- 
ministeied the patient leceives 96 Gm of nitrogen This is equivalent to 
the nitiogen in 3,000 Gm (neaily % lb ) of lean beef 

For injection the ordinary infusion flask has been used, the late of flow 
being measured by the drops falling thiough an inteipolated sealed glass tiap 
All connections were of glass and only stainless steel needles were used 

Difficulties Encountei ed — Most of the earlier difficulties have disappeared 
with successive improvements m the manufactuie of the hydrolyzed casein 
The solubility has inci eased, so that precipitation of the solutions is no longei 
encountered Obviously, a peifectly clear solution must be maintained be- 
fore the mateiial can be administeied inti avenously Another difficulty has 
been the phlebitis induced when long peiiods of venoclysis w'^eie lequiied 
It has been my impression that the moie recent prepaiations of Itydrolyzed 
casein have showm less tendency tow'ard thiombosis This tendency, how- 
ever, IS not very great wuth the dilute (2 pei cent) solutions 

The most seiious difficulty has pioved to be the occurrence of occasional 
leactions, similar to those reported by Shohl, et Many patients had none 
even after tw'-o w^eeks of daily injections In a few cases the reactions weie 
undoubtedly due to the lapidity of injection Thus, in Case 4, on March 
24. I939> 2,250 cc of a 10 pei cent glucose solution, containing 2 per cent of 
product 92-Z, -was administered in five hours without reaction, later in the 
<1^39 I >500 cc of the same solution was administered m twm hours, and Avas 
follow^ed by a chill and a temperature rise of 3° C Whatever the cause of 
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leactions, there has been a complete absence, thus fai, with the more recently 
received mateiial Indeed, the latest pioduct (No 143, which has aheady 
been bi ought into solution by the manufacturei ) has been injected into thiee 
patients at a speed twice as fast as that already mentioned Thus, i,ooo cc , 
containing 10 per cent glucose, 2^4 per cent hydiolyzed casein, and 045 pei 
cent NaCl, w'as given in one houi wuthout reaction In spite of the lapidity 
of the injection less than o i Gm of amino-acids of the 25 Gm given aji- 
peared m the 111 me dm mg the ensuing three houis I believe that untow'aid 
reactions aie due to one 01 more factois connected eithei with the manufac- 
ture of the hydiolyzed casein, with its method of solution and preparation foi 
intravenous use, or wuth the technic of administiation itself These factois 
appeal to be almost if not completely solved wuth the most lecent product, 
only fuithei experience will tell 

It must, of course, be admitted that unifoimity m the composition of the 
ammo-acid mixtuie is highly desiiable if not essential Whether such a uni- 
formity can be 01 actually has been achieved is still incompletely answered 
and aw'aits furthei expeiience Neveitheless, the preparation now available 
for experimental use has been administered to 35 patients, and data of much 
interest and great promise have been accumulated 

Cluneal and Metabolic Obseivaftons — The mixtuie of glucose, ammo- 
acids and electiolyte desciibed above w'as admmisteied to 35 adults as their 
sole source of fluid and food, the peiiod of tieatinent vaiied from one to 
23 days and aveiaged ovei ten days The total daily dose varied some- 
wdiat, but in most cases a maximum amount of 80 Gm of 92-Z w^as given, 
this aveiaged between i and 2 Gm pei Kg pei day. dependent upon the 
bod}^ w^eight of the patient As aheady mentioned, 80 Gm of the hydiolyzed 
casein contains 9 6 Gm of nitrogen In 20 patients, nitrogen balance studies 
w^eie carried out, complete collections of mine, feces and A'-omitus w^eie ana- 
lyzed for total nitrogen by the Kjeldahl method Seium proteins w^eie also 
detei mined m this w^ay The seium was fiactionated by Howie’s method 
Of the following eight lepiesentative cases, the first twm are normal controls, 
the next twm pi eopei ative and the last foui postopei ative patients 

KEPORTS OF EIGHT REPRESENTATIim CASES 

Case I — Hosp No D-7721 P W, Negro, male, age 55, w’as admitted, November i 
1939 to tlie Homer Phillips Hospital He was an asthmatic, and had been a patient manv 
times previoush with the complaint of respirator} distress This time he complained 
more especiall} of epigastric pain and vomiting and had lost 20 pounds in weight Exam- 
inations including cholecv stogram and gastro-intestinal roentgenologic scries were nega- 
tne A.I 1 laboratorv tests were negative, the serum protein was 701 Gm per cent, 
albumin 42 Gm per cent Intravenous alimentation, with complete gastro-intestinal rest, 
was suggested and he accepted this regimen During 15 da}s he took nothing but a little 
cracked ice bv mouth, and was given each da} 3000 cc of 10 per cent glucose containing 
the equivalent of 1,000 cc of Ringer’s solution, ic two ampules of concentrated Ringer’s 
(each sufficient for 500 cc ) After three davs, a solution containing 60 Gm of ammo- 
acids (92-Z) was added to the glucose (Fig i) Onlv one reaction occurred during the 
intravenous therapv on the fifteenth dav, when the patient had a slight chill but exhibited 

596 



voiuim 112 PARENTERAL REPLACEMENT OF PROTEIN 

Numbci 4 

no elevation of temperature Subjectively the procedure was well tolerated, the patient’s 
epigastric pain disappeared completely and when he was put on a regular diet it did not 
recur He left the hospital asymptomatic and returned three months later with a request 
for a repetition of the experience 

Case 2— Hosp No D-554t Z C, Negro, male, age 6s, was admitted, November 5 
1939, to Homer Phillips Hospital He was a frequent patient in the hospital, the diagnosis 
each’ time being bronchial asthma and hypertension , the electrocardiogram showed ad- 
vanced mj'ocardial damage He had lost some weight and complained of difficulty in 
swallowing although all examinations including a cholecystogram and gastro-intestinal 
roentgenologic series were normal Laboiatory tests were all normal, the serum protein 
was 7 2 Gm per cent, albumin 3 3 Gm per cent A period of complete gastro-intestinal 
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Fir I — Cnsc i and Fig 2 — Case 2 In both cases represented abo\e the gastrointestinal tract 
\sas normal (see Case Reports) Note, in both, the immediate achieatment of positne nitrogen balance 
when ammo acids were added to the intravenous glucose The cross hatched columns represent the 
nitrogen output during three dajs during which 3,000 cc of 10 per cent glucose was injected d iiK 
The solid black represents the period during which 60 Gm of hjdrolyzcd casein (7 2 Gm N ) was added 
daiK The metabolic study in Case i lasted 15 dajs, in Case 2 , 12 dajs 

rest was suggested to him, which he accepted For 12 days he was given only cracked ice 
by mouth and 3,000 cc of 10 per cent glucose plus Ringer’s solution for three days, and 
then ammo-acids were added (Fig 2) as described in Case i He had no reactions what- 
ever during the experiment and coniplained of no hunger When he was returned to a 
regular diet he was able to eat better and left the hospital much improved 

Case 3 — Hosp No 73309 G A H , white, male, age 48, was admitted, March 10, 
1939. to Barnes Hospital He had had several abdominal operations elsewhere for ap- 
pendicitis, intestinal obstruction and ventral hernia, and presented a small intestinal fistula 
of four months’ duration which developed following the last celiotomy He had lost 40 
pounds in weight during his illness The wound was treated conservatively foi several 
weeks when it was finallj'’ decided to close it surgically This was done April 5, 1939, 
It required resection of much diseased small intestine on either side of the fistula but was 
successful Preparatory to operation he was put on “nothing b> mouth” and given 
intravenous injections of glucose, Ringer’s solution and amino-acids, the amounts as indi- 
cated in tlie legend under Figure 3 , vitamins Ci and Bi were also injected It is interest- 
ing to note that during the period of gastro-intestinal rest the flow of intestinal contents 
from the fistula was active, the total nitrogen from this source varying between 02 and og 
Gm per 24 hours This patient had two reactions during the injection of the amino-acids 
but in each case it was associated wuth a rapid rate of flow' and was transient The serum 
protein was 65 Gm per cent, albumin 42 Gm per cent Following his discharge from 
the hospital the patient regained his loss of weight and has remained well 
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Case 4 — Hosp No 81491 J B , white, male, age 37, was admitted, October 20, 1939, 
to Barnes Hospital He had become ill three months before with severe diarrhea and 
cramps which resulted in a 51 pound weight loss On admission, he was emaciated and 
miserable , in spite of various oral regimens he continued to have three to ten stools a day 
and much abdominal pain His serum protein remained low, 5 i Gm per cent, albumin 
3 0 Gm per cent A diagnosis of regional ileitis was made, largely with the aid of 1 
gastro-intestinal roentgenologic series, and operation was advised This was earned out 
several months later, after he had gamed 30 pounds m weight and had a normal serum 
protein The lesion at operation proved to be characteristic of regional ileitis On No- 
vember IS, 1939, a period of intravenous alimentation was started, nothing was taken 
by mouth but cracked ice The metabolic findings are recorded in Figure 4 The clinical 
response was pronounced , his pain disappeared, stools ceased, abdominal distention dimin- 
ished, and general well-being improved remarkably On the twelfth day of the experi- 
ment he was started on glucose and amino-acids by mouth, without any return of symp- 
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Tig 3 — Case 3 and Fig 4 — Case 4 These charts represent two preoperatiie cases (see Case 
Reports) Note in both, the achie\ement of positue nitrogen balance during the periods in which 
ludroljzed casein «as added to the intravenous glucose (represented m solid black) In Case 3 on the 
first and sisth da>s (represented by the cross hatched columns), 3,000 cc of 10 per cent glucose nas 
injected On the second to fifth dajs, 50 Gm of amino acids (60 Gm of N ) was added daily In 
Case 4, on the first three dajs (represented bj the cross hatched columns), 3000 cc of 10 per cent 
glucose tvas injected daiij during the following five days, 60 Gm (72 Gm N ) of ammo acids was 
added (The data on the ninth tenth and elerenth dajs are omitted because of difficulties vith the 
intravenous flow and loss of specimens ) Note the negative nitrogen balance during the next five dajs 
(represented bj the dotted column) when the same amount of glucose and ammo acids was taken orally, 
this suggests the supenoritj of intravenous over oral administration During the final two days the 
dose of ammo acids was increased to 80 Gm (96 Gra N) whereupon nitrogen balance was achieved 
Note also in this ct'e the increase m serum albumin from i o to 4 6 Gm per cent The serum globulin 
remained unchanged at 2 i Gm per cent as did the red cell count 


toms, and later was gradually put on a regular diet, upon this regimen he gained 30 
pounds before being operated upon It is of interest to note the increase m serum protein 
in this patient from S i Gm per cent, on November 15, 1939, to 67 Gm per cent, three 
weeks later , the increase was all in the albumin fraction No reactions whatever occurred 
during the intravenous therapy in this patient His sense of hunger was definitely satis- 
fied during the days m which he was receiving the ammo-acids in contrast to its presence 
while receiving glucose alone The metabolic studies in this patient were carried out with 
the cooperation of Dr Cyril MacBryde to whom I am indebted for the data obtained 

Case 5 — Hosp No D-iogi4 B P , Negro, male, age 46, was admitted, February 8, 
1940, to the Homer Phillips Hospital He was operated upon soon after admission for a 
perforated peptic ulcer, which was found on the posterior surface of the pylorus, 
and was closed The lesion had been present for over 24 hours, and a definite peri- 
tonitis was present Intravenous glucose and Ringer’s solution were given for five 
days, during this time his clinical course was stormy and, as can be seen in Fig- 
ure S, a large amount of nitrogen appeared in the urine On the sixth day, amino- 
acids were added to the glucose and continued for ii days The sudden improvement in 
the general condition of the patient was striking and coincided with the addition of the 
amino-acids Of interest, too, was the increase in the serum albumin and globulin, the 
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total serum protein changing from 6 ii Gm per rent on February lo to 7 4 Gm per cent 
on February 27 That this change was not due to a concentration of the blood (decrease 
in plasma volume) was shown by the fact that the red cell count remained unchanged 

Case 6— Hosp No D-12080 S W, Negro, female, age 29, was admitted, March 
14, 1940, to the Homer Phillips Hospital, and operated upon soon afterward for a strangu- 
lated umbilical hernia The involved small intestine was gangrenous and a resection was 
carried out During the first four postoperative days she received glucose and Ringer’s 
solution alone, to which was added, during the next four days, 80 Gm of hydrolyzed 
casein Thereafter she was started on fluids by mouth and finally a regular diet The 
patient weighed but 50 Kg , so that the amount of amino-acids she received was almost 
2 Gm per Kg The clinical course was stormy for the first few days but improved 
remarkably with the onset of amino-acid injections This was also evident, objectively, 
by a diminution of distention and the passage of gas and stool It is important to note 
here, as m Case 5, the large urinary output of nitrogen in the postoperative period m 
spite of the administration of a large amount (1,600 calories) of glucose (Fig 6) Lab- 
oratory tests were otherwise not notable , the serum protein was normal 
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Tm 5 — Case 5, and Fig 6 — Case 6 These charts represent two postoperative cases (see Case 
Reports) Note the large output of nitrogen (12 to 20 Gm per da>) m both in spite of the dail> 
injection of 4,000 cc of 10 per cent glucose (represented by the cross hatched columns) The columns 
in solid black represent the addition of 80 Gm (96 Gm N ) of 92— Z to the glucose, note that nitrogen 
balance was achieied on seieral but not on all of these dajs Note, too, the increase in serum albumin 
and globulin in Case 5 


Case 7 — Hosp No D-109S4 J H , Negro, male, age 73, was admitted, February 9, 
1940, to the Homer Phillips Hospital He was operated upon soon afterward and a large 
volvulus of the sigmoid was untwisted, replaced in the abdomen and the wound closed 
Recovery was uneventful, particularlj’^ after the third day, coincident with the addition 
of hydroljzed casein, of which he received 80 Gm per day for 13 daj's together with 4,000 
cc of ro per cent glucose and Ringer’s solution The period of intravenous therapy was 
especially long because of persistent distention which finally subsided with the passage of 
normal stools Note the large output of urinary nitrogen m this case (Fig 7) The lab- 
oratory data were not unusual The serum protein show^ed no striking change varying 
betw'een a low of 5 85 Gm per cent to 6 85 Gm per cent On the last day of his intra- 
^ enous regimen it w'as 6 66 Gm per cent, albumin 3 96 Gm per cent 

Case 8 —Hosp No D-10336 A T , Negro, male, age 47, was admitted, Januarj^ 22, 
1940, to Homer Phillips Hospital He had had a right lower quadrant mass of two w'eeks’ 
duration, this was diagnosed as an appendiceal abscess and conserAative therapy insti- 
tuted Because of increasing s^mptoms of extension he was operated upon five dajs 
later and a large spreading appendiceal abscess opened and drained For the first four 
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postoperative days his course was quite stormy and repeated injections of caffeine were 
administered Severe abdominal distention developed, the pulse was rapid, respirations 
labored On the fifth postoperative day, ammo-acids were added to the intravenous glu- 
cose, which resulted in a startling improvement, which continued thereafter There was 
but one reaction during the course of the amino-acid therapj, consisting of a severe chill, 
unaccompanied, however, by any rise m tempeiature The laboratory data were not sig- 
nificant The serum protein four days after operation was 5 7 Gm per cent, albumin 3 6 
Gm pel cent, eight days later it rose to 67 Gm per cent, albumin 38 Gm per cent 
There was no change in the red cell count The metabolic data are represented in 
Figure 8, and show the high urmar\ output of mtiogen indicative of extensive “toxic 
destruction of protein ” 



Tig 7 


Fig 8 


Tig 7 - Cnse -7 nnd Fig 8 — Case 8 Tlie al)o%e charts represent t«o posto leratnc cases (see 
Case Reports) Note in both the large output of nitrogen in the urine (10 to 26 Gm per da> ) The 
arrow in Figure 7 indicates what is about the normal output (■; Gm ) In both cases 4000 cc of 10 
per cent glucose was administered each daj the imount of hydroljzed casein was 80 Gm (96 Gm N ) 
Note that nitrogen lialance was onlj occasionallj acliieaed at this le\el of int ike (The low output in 
Case 8 on the sixth day was due to loss of a specimen ) 


Theie was no difficult)' in achieving mtiogen balance in patients with 
low or model ate mtiogen excretion even wlien but 60 Gm of mtiogen weie 
injected per day (Figs i, 2, 3 and 4) As observed previously,^ most fasting 
patients excrete about 4 to 5 Gm of mtiogen a day when sufficient glucose 
is injected to meet caloric needs Many of the cases desciibed herein, howevei, 
showed a laige output of urinary nitrogen particularly following operations, 
amounting to as much as 26 Gm pei day , in these a positive nitrogen balance 
was, therefoi e not achieved with regulai ity at the maximum intake of 9 6 Gm 
of nitrogen per day (Figs 5 6, 7 and 8) Doubtless, with laiger injections 
this could have been achieved Nevertheless, favoiable clinical effects vere 
observed m seveial of these postoperative patients as soon as amino-acids weie 
added to the intravenous glucose This A\as particulaily tiue in Cases 5, 6 
and 8, which exhibited the largest output of nitrogen (see Case Reports) 

In Cases 4 and 5, and less so m Case 8 definite evidence of serum piotein 
regeneiation was observed dm mg the peiiod of treatment These observa- 
tions aie not decisne because the hypopioteinemia was not particularly seveie 
Indeed, few of the patients m the piesent series exhibited this defect to a 
significant degree 

Comment — Fiom the findings leported heiein, the inference seems 
justified that a mixture of amino-acids prepared 1 m the enzymatic hydrolysis 
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of casein, when injected intravenousl}'-, is letained and, piesumably, utilized 
by the body, sometimes even m a demonstiable mciease m seium piotem 
Although few of the patients studied showed significant hypopiotememia, of 
those that did two, possibly three, exhibited definite mci eases in seium pio- 
tem and albumin while undei tieatment (Cases 4? 5 other patients 

the theiapy may ha^e pi evented a fall m seium piotem, such a fall is a not 
mfiecpient expeiience m severely sick patients aftei opeiation No such 
fall occLined m any of the patients leceiving ammo-acids Although the 
piesent ohseivations permit no dogmatic infeiences as to the eftect of mtia- 
venous ammo-acids on seium piotem legeneiation, the achieAement of posi- 
tive nitiogen balance as well as the clinical impiovement noted m many 
instances points to the beneficial theiapeutic results of nitiogenous nouiish- 
ment administered mtiavenously m this way On the other side of the leclgei 
are the difficulties encounteied, the most seiious being the occasional leactions 
ohsei ved These i eactions, I believe, ai e not an inevitable pai t of the pi ocedui e 
hut aie due to factois which may even now have been oveicome by newei 
methods of piepaiation and adnninstiation of the enzymatic hydiolysate 
With the achievement of a constantly umfoim pioduct, the use of ammo-acids 
as a method of parenteial leplacement of piotem will undoubtedly have 
widespiead application While this use may not solve the fundamental pioh- 
lem of seium piotem legeneiation, I helie\e that, with all othei piotem needs 
met with ammo-acids, a lelatively small amount of blood, when necessary, 
will permit lestoiation of seium piotem winch can then he maintained foi 
a sufficient length of time to peinnt normal lelations to become established 
The puipose of most paienteial alimentation, m suigeiy at least, is to cleai 
tempoiary huidles, by bunging patients into a moie noimal pieopeiative 
nutiitional state, by breaking into a aucious ciicle induced by nutiitional 
edema, and b}'' peimitting tempoiaiy gastio-mtestinal lest, intiavenous ali- 
mentation finds its most cleai -cut indications In tins field the addition of 
nitiogenous nouiishment should fill a long felt want 

/•An incidental finding in the piesent study concerns the tiemendous outjAUt 
of niinaiy nitiogen m many patients duiing the postopei atu'^e peiiod (Figs 
5, 6, 7 and 8) It is of consideiable mteiest and impoitance to note the 
magnitude of this loss, thus m Case 7, on the foiiith day, 26 Gm of nitiogen 
weie excieted, which is equivalent to the loss of almost two pounds of muscle 
tissue a day These losses A\eie due to the disease itself and occurred m 
spite of the fact that each day 1,600 caloiies, as glucose, were injected, thus 
spaiing piotem as fai as then use foi caloiic needs aie concerned EAudence 
of such “toxic destiuction ot piotem” has been observed in a seveie burn 
by Lucido,’’ in postopeiative patients, by Touaa,^*^ and m patients folloA\mg ex- 
tensne tiauma by Cuthbeitson Its significance in the pioduction of symp- 
toms is suggested by the beneficial eftects observed m several patients aftei 
much of (he nitiogen loss A\as met by the addition of amino-acids to the mtra- 
Aenous glucose These findings aaouW seem to add a definite indication foi 
such tieatment m the postopeiatue caie ol Aei a sick patients 
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SUMMARY 

(1) In 35 adults a solution containing glucose, ammo-acids and electio- 
lyte was injected intravenously as the sole souice of alimentation, with the 
particular puipose of parenteral protein replacement The amino-acids con- 
sisted of a mixture obtained by the enzymatic hydrolysis of casein The 
maximum amount of nitiogen administered was 9 6 Gm per day, the calories, 
1,600 

(2) Evidence of utilization was shown by (a) The achievement of nitro- 
gen balance, (b) increases in serum protein concentration, and (c) clinical 
impiovement, paiticularly aftei serious operations 

(3) Large amounts of urmaiy nitiogen were excieted by many patients 
after serious operations, indicative of “toxic destiuction of protein” The 
clinical improvement duimg treatment seemed to be associated with the 
partial or complete replacement of this loss of nitrogen bj?^ the intravenously 
administered amino-acids 

(4) Certain difficulties in the intravenous injection of the ammo-acid 
mixture are described and discussed These aie being rapidly solved by 
newer methods of pieparation of the ammo-acid mixtuie and of the solutions 
made therewith * 


REFERENCES 

^ Rose, W C The Significance of the Amino-acids in Nutrition The Harvey Lectures, 
30, 49-63 (see p 64), 1934-35 

“ Hennque, V , and Andersen, A C Uber parenterale Ernahrung durch intravenose 
injektion Ztschr f physiol Chem, 88, 357, 1913 
® Elman, R, and Weiner, D 0 Intravenous Alimentation JAMA, 112, 716, 1939 
^ Cox, W M„ Jr, and Mueller, N J Nitrogen Retention on Casein Digests Proc Soc 
Exper Biol and Med , 42, 658, 1939 

® Elman, R Serum-Albumin Regeneration Following Intravenous Amino-acids (Hy- 
drolyzed Casein) in Hypoproteinemia Produced by Severe Hemorrhage Proc Soc 
Exper Biol and Med , 43, 14, 1940 

“ Shohl, A F , Butler, A M , Blackfan, K D , and MacLachlan, E Nitrogen Metab- 
olism During Oral and Parenteral Administration of the Amino-acids of Hydrolyzed 
Casein Jour Pediat, 15, 469, 1939 

Farr, L E , and MacFayden, D A Amino-acid Nitrogen in Urine of Children with 
Nephrotic Syndrome Following Intravenous Amino-acids Proc Soc Exper Biol 
and Med , 42, 444, 1939 
® Farr, L E Personal communication 

® Lucido, J Metabolic and Blood Chemical Changes in a Severe Burn Annals or 
SuRGEEV, III, 640, 1940 

Touw, J F Harnstoffspiegel in Blut nach Operation Ztschr f Klin Med, 130, 497, 
1936 

Cuthbertson, D P Observations in the Disturbance of Metabolism Produced by Injurj 

to the Limbs Quart Jour Med, 1,233, ^93^ 

* At the present time a 10% glucose 2 }^% amino-acid solution is prepared in the cold, 
immediately passed through a large capacitj Berkfeld filter to remove pvrogens and auto- 
claved at once in 1000 cc flasks for 30 minutes at 5 lbs pressure Thus far no febrile 
reactions have been observed with solutions prepared according to this much more simple 
method 
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FROM THE LABOR^TORI FOR SURGICAI RESEARCH nAB\ARD MEDICAL SCHOOL, AND THE SORGICAL CLINIC OF THE 

PETER BENT BRIGHAM HOSPITAL, BOSTON, MASS 

Widespread demand foi an inexpensive source of safe parenteral fluids 
has lesulted fioni the lecognition of the impoitance of maintaining a positive 
watei balance as an adjuvant in hastening convalescence Many hospitals 
piepare their own solutions m an endeavor to make adequate parenteral 
therapy economically feasible for all their patients Othei hospitals would 
like to reduce the cost of providing such solutions, but aie loath to under- 
take the piepaiation of parenteral solutions because they fear the occurrence 
of untowaid allergic or febrile leactions 

During the period between 1933 and 1936, a technic was developed at the 
Petei Bent Brigham Hospital which enables hospitals to prepare parenteral 
fluids safely and inexpensively Since then, 250 hospitals have had experience 
with this technic As a lesult, the technic and apparatus have become suf- 
ficiently standaidized to wan ant demonstration before this society 

There aie but two lequisites foi a safe supply of parenteral fluid A 
source of pure law materials, and centralized responsibility for cleanliness 
111 prepaiation of the solutions and apparatus Any hospital in which major 
surgeiy is pei formed has the necessary steiihzmg equipment and the trained 
peisonnel to whom such responsibility can be delegated safely 

Clinicians persist in adheiing to numerous conjectures regarding the cause 
of intiavenous reactions despite convincing laboratory and clinical evidence ex- 
plaining the etiology of such reactions In 1911, it was shown that chemically 
jDure distilled watei would not cause reactions when injected intravenously ,2*^ 
that such water was readily contaminated and made pyiogenic by air-borne 
bacteiia,® and that Berkefeld filtration did not remove the offending sub- 
stance ^ 

More recently (1923), such pyrogens were demonstrated to be filterable, 
therniostabile exotoxms lemovable by distillation in a still designed to prevent 
entiainment If kept steiile, pyrogen-fiee water lemained so 

Subsequently, it was found that pyrogenic water could be rendered in- 
nocuous by heating it to 284° F (38 p s 1 gauge) for 30 minutes ^ Adsorp- 
tive filtration was also found to be effective m removing the objectionable 
pi oteins " 

The application of these factors resulted m the rapid development of com- 
meicial souices of reliable pai enteral fluids and in numerous demonstiations 
that hospital-made solutions are safe, economical, and practical ^ s. 0 Ac- 

* Read before the American Surgical Association St Louis, Mo , May i, 2, 3, 1940 
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cordingly, lational parenteral theiapy should be available in modern hospitals, 
and the volume, velocity, temperature, and composition of the injection may 
be left entirely to the discretion of the clinician The intravenous injection of 
chemically puie, sterile solutions will not cause untoward reactions 



Distilled IVatci — Singl)' distilled water is sufficiently pure for intiavenous 
use provided seveial precautions are taken to prevent pollution of the distillate 
First, intelligent operation and maintenance of the still are essential 
Second, chemically pure distilled w^ater cannot be stored unless it is her- 
meticall} sealed in sterile containers , hence, distilled w^ater must be collected 
in a storage tank just laige enough to contain a w^orkmg supply An inverted 
piiev caiboy (Fig i) fitted with a glass stopcock is best because such a con- 
tainer can be drained dry and has no gauge glasses, faucets, or valleys wdiere 
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residual water ma} pool and support bacterial giowtli ^\hlcll pollutes subse- 
quent collections of distillate Such caiboys should be diained as soon as 
there is no immediate use foi distilled water 

Third, the purity of the watei must be detei mined fiequentl} Since puie 
w'ater is a comparatively poor conductor of electricit} , its specific conductance 
IS an excellent measuie of its puiity The distillate fiom a well-designed, 
propel ly opeiated still should have a maximum conductivit} of 2x10''' mhos 
at 20° C One part per million of chloiide ion wall inciease the conductivity 
of distilled w'atei about 50 pei cent The presence of electrolytes m fieshly 
distilled water indicates contamination with tap watei eithei h}^ entiainment 
01 by leakage fiom a faulty condensei Then it may he assumed that the 
w^ater has also been contaminated by pyiogenic substances wdnch accompanied 
the electrolytes Therefoie, the efficiency of a still can he checked quickl}^ 
and accuiately by determining the specific resistance of the distillate hy means 
of a 1,000 cycle Wheatstone liridge Some stills pioduce impuie w^atei 
spoiadically and should he equipped so that the puiity of the distillate is 
checked continuously 

Biologic methods must Idc employed to identify actual pyiogen content 
The most readily applicable test is that of injecting 10 cc of the questionable 
solution into the eai vein of a lahbit and detei mining the lectal tempeiatuie 
at houily inteivals for thiee or foui hours The labbit’s normal tempeiatuie 
ranges fiom loi 2° to 103° F under standaidized conditions The fehiile 
leaction which results fiom the injection of pyiogen laises this to 105°- 
107° 

Chemicals — Although the United States Pharmacopeia does not specify 
dextrose suitable foi mtiaienous use, U S P XI 01 C P anhydiotis giades of 
chemicals aie usually satisfactory Sodium chloiide and dextrose aie pui- 
chased most economically m drums of 25 and 200 pounds lespectivel} Caie- 
less tiansfeience of the chemicals must he a^olded and any wdnch touches the 
hands 01 drops upon the balance or table top should he discaided lathei than 
he returned to the hulk container 

Thei e IS an advantage other than economy m buying the chemicals m 
hulk because, once the punt} of an} lot has been established, a supply of 
known quality is aAailahle Dextiose may contain protein split pioducts 
and/or ^allous acid dehydiation pioducts of dextiose foimed h} side reac- 
tions dining the manufactuie of dextiose 

The piotem contaminant is piesent in the form of ammo-acid-caiholndiate 
condensations 01 i:)olyi:)eptide mtiaci}stallme occlusions These compounds 
undeigo heat denatuiization during steiihzation and foim white, flocculent 
piecipitates in the final solution s They can lie detected In denaturing them 

* Conductance the reciprocal of resistance is measured bj the ratio of the current 
flowinsi through a conductoi to the difference of potential between its ends The prac- 
tical unit of conductance the mho is the conductance of a bod\ through which one 
nnipeie of current flows wiien the potential difference is one \olt ConductniU is meas- 
ured bj the ciuantitc of electricitc transferred across unit aiea per unit giadieiit 
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Fig 2 — (A) Clean glassware is free of this white opalescent 
film of insoluble alkaline earth soaps formed bj the interaction of 
soap and/or detergents and the calcium or magnesium salts which 
are found in tap water or soil A film of distilled water remains 
spread o\er the surface of clean glass as the water is poured off 
Grease or other soil causes this film to break * into the numerous 
droplets illustrated (B) Bacterial growth in residual blood (C) or 
solution (D) left in apparatus may produce pvrogen Unless 
thoroughh cleaned such apparatus may contaminate pure solution 
with pjrogen 
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mechanically by passing 50 per cent dextrose through the clarifying bowl of 
a Sharpies centrifuge or foicing it through an atomizing jet In either case 
the impure solution becomes opalescent and duty white 01 yellow curds 
separate out on standing Such polypeptides can be removed by adsorptive 
filtration or ultrafiltiation 

The dehydration pioducts are chiefly hydroxymethyl furfuial and levuhmc 
acid 21 The formei is coloiless, but, on aging, it degrades to levuhmc acid, a 
daik brown compound This conversion occurs lapidly in hot aqueous solu- 
tions and accounts for the yellow color (often mistaken for caramelization) 



Tig 3 — A nieclnnical washer (A) most readilj cleans the inner surface of glassware, tubing, and 
needles bj scouring them with hot detergent solution The washer uses the detergent solution re 
peatedl} automaticalh filtering, reheating, and pumping it through suitable jets under high pressure 
The flask washer is shown at the upper center (B), the needle and tubing nipples can be seen at the left 

developed duiing sterilization of some dextiose solutions 

The acceptance of any paiticular lot of chemical also depends upon the 
quantity of particulate matter contaminating it Excessive dust not only clogs 
the filters quickly, hut is evidence of careless handling prioi to packaging The 
finding of a shoelace tip or a dried insect indicates contamination of a degree 
likely to introduce foieign proteins into the chemicals Dirty chemicals must 
be rejected 

Glassivme — Pyiex glassware is the most satisfactory, not only because of 
its high resistance to mechanical and theimal shock, but because its stabile 
annealed surface resists hydrolysis by the solutions The alkaline film formed 
at the glass-liquid interface of a soft glass flask may cause polymerization of 
the dextrose during sterilization 

To be chemically clean, glass\\aie must be freed of the initial soil as well 
as of insoluble deposits (Eig 2 A) resulting from the interaction of washing 
agents (soaps and detei gents) and water or soil containing more than traces 
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of alkaline earths'® (Ca and Mg ) Clean glass should show no “watei 
breaks” (Fig 2 B) in the film of distilled watei left after the final iinsing, 
and It should be crystal clear when dry 



Tig 4 — The coiitiiners are rinsed b> imerting them o\er a spn> of 
f^eshl^ distilled ^\'\ter The stainless steel spn>er illustrated conser\es 
distilled water In shutting it off when not xn use and also by metering the 
amount used When the flask is first m\erted o\er the sjira\ the cup at 
the bottom is eniptv The rinse water collects in this cup guing an idea of 
the \mount used as well a^ rinsing the outside of the neck One hundred 
cubic centimeters of distilled water (enough to fill the cup twice) suffices 
to remo\e all the alkali 


Dried blood (Fig 2 C) and closely adherent bacteiial growths (Fig 2 D) 
are the usual types of soil encounteied Dried fungi are particulaily difficult 
to remo\e The}" may be invisible until hydrohzed during sterilization, at 
which time they swell and become opaque and may be mistaken for w'lsps of 
cotton floating in the solution Because glassware is often used in the 
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laboratory or utility room, residues of feces, urine, pus, and transudates 
are often encountered The most tenacious soil is a greasy film which accumu- 
lates when the glassware is used repeatedly without adequate cleansing 

The containers aie most readily cleansed in a mechanical washer (Fig 3) 
which forces hot detergent solution"^ through jets undei sufficient piessure to 
scour the inner surface This mechanical action augments the effectiveness of 
a good detergent and cleanses in 15 or 20 seconds The glassware is rinsed 
thoioughly with freshly distilled water by inverting it over a jet (Fig 4) 
which sprays distilled water on the entiie inner surface Usually 100 cc of 
water suffice to rinse away all the alkali The container is then inverted 
to drain 

The stainless-steel stoppers and rubber bushings are cleaned by scrubbing 
them thoroughly with hot detergent solution and rinsing them in freshly 
distilled water 

Ftlteis — Fritted glass or porcelain filters are readily cleaned by immersing 
them m a hot solution (175° F ) containing F2 per cent each of sodium nitrite 
and sodium chlorate in concentrated sulphuric acid The acid is rinsed from 
the porous disk by running distilled water through the filtei in the reverse 
direction until the rinsings are neutral to litmus paper or until the conductivity 
of the rinsings approaches that of the original distilled water 

Equipment — The equipment chosen for the preparation of parenteral 
fluids should provide for easy sterilization, safe storage under hermetic seal, 
and ready administration from the original container Such appa- 

ratus (Fig 5) consists of a container which can be hermetically sealed by 
means of a rubber bushing and stainless-steel stopper The elements of the 
seal are assembled prior to sterilization so that possible contamination during 
sealing is avoided The contents of the flask can be infused by substituting 
a special “vent tube” through which the fluid leaves the inverted container by 
gravity, for the stainless-steel stopper 

Containei — ^The graduated container is mold-blown of thick Pyrex glass 
in a shape designed to withstand the water-hammer which results when fluids 
under high vacuum are jarred Its wide mouth and short neck facilitate 
cleaning The contour of the mouth and hp is such that the lubber bushing 
IS held securely in place 

The rubber bushing is molded of nontoxic, heat-resistant rubber which 
retains its resiliency after repeated sterilization and does not become tacky 
and stick to either the container or the stopper It is shaped to cling firmly 
to the mouth of the container The frustum of the bushing fits snugly against 
the inwardly tapering portion of the neck of the container to prevent the 
bushing from being pushed inward during sealing, or from being drawn into 
the flask as the vacuum is formed The elastic periphery of the skirt clings 
to the hp of the flask, holding the bushing m position when the stopper is 
withdrawn or when the container is inverted in the dispensing position 

* Any commercial dishwashing compound which leaves the glass crystal clear on 
drying is satisfactory 
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The stoppei is fabricated of a coi rosion-i esisting, stainless-steel to with- 
stand the attack of saline solutions, as w^ell as to lesist tarnish fiom an 
atmospheie of an oi steam The miishi oom-shaped stopper is essentiall)' a 
rugged cap, which covers and piotects the lubber bushing, and a stem which 
actually provides the closure A longitudinal channel cut into the lowei thii d 
of the stem provides an adequate vent foi the escape of an and steam during 
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Tig n — Tis' nrepintion sterilintioii s^fe stornj,e Tnd readx admin 
jstration are proMded in this simple container (A) The channel m the 
steel stopper provides for the escape of air and steam during sterilization (li) 

A vacuum seal is produced b\ inserting the stopper into the hushing and per 
niitting the flask to cool (C) Air enters the capillar> orifice in the vent tube 
to relieve negative pressure vvitlim the inverted flask 

steiihzation (Fig 5 A) A rush of steam through this channel, due to tlie 
sudden ebullition of vapor following fault}'^ 'lenting of a steiili/er, ser\es to 
warn the alert opeiator that the solutions have been spoiled On removal 
from the sterilizer, the stopper is locked into the bushing so that the solid 
portion of the stem forms a hermetic seal with the bushing (Fig 5 B) Pre- 
cipitation of the watei Aapor and contraction of the fluid during cooling 
pioduces a high degiee of lacuum (29 inches Hg ) which aids in maintaining 
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the seal The watei -hammer click which is obtained by jarring a sealed flask 
gives evidence that the containei has been propeily sterilized and sealed 

The fluid IS dispensed fioni the oiigmal containei by substituting the haid 
glass vent tube for the steel stoppei (Fig 5 C) This tube comprises a pair 
of concentiic glass tubes, the external diametei of which coi responds to the 
apeituie in the bushing, so that it makes a water-tight fit with the lattei Two 
circumferential nbs 01 beads seive to position the tube fiimly in 1 elation to 
the bushing Fluid enteis the annulus of the vent tube thiough a small orifice 
just above the mnei bead and leaves thiough the tubing nipple at the outei 
end of the vent tube, pei nutting fiee gravity flow f 10111 the inverted flask 



Fig 6 — Pits ^\nnkles, and mold marks on the inner surface of rubber tubiuR catch blood or hold 
lesidunl solution where bacteria nn) grow Tubing with a smooth inner surface can be cleaned 
readiK whereas the bits of the dried blood clot (A) or colonies of bacteria lodge tenaciously in the 
hollows of the rough surface Bacterial growth in the lumen of the cannula or hub of a needle may 
contribute p\rogen E\en cursors inspection of the hub should bare detected the clot illustrated (B) 
The cannulae must be reamed with a tighth fitting stilet to insure cleanliness 


Air is meteied into the flask to overcome the mci easing negative pressure 
caused by the escape of fluid This is done by means of the inner tube which 
communicates iMth the atmospheie just belov the outer bead and leads 111- 
waidly to a capillaiy oiifice at the uppei end of the vent tube This capillaiy 
IS small enough to pi event the fluid leaking through the an vent when the 
negative piessuie is too low to suppoit the static head of the fluid m the flask 
Ruhbei Tubing — In selecting rubbei tubing foi use in parenteial therapy, 
it IS essential that the inner suiface lie fiee fiom pits, wi inkles, and mold 
maiks, wheie blood and bacteiial residues lodge and make cleaning difficult 
(Fig 6) The suiface of lubbei exposed to the fluid can be decreased 
markedly by selecting a tubing of small inside diameter (j^ inch) A small 
lumen also facilitates the expulsion of an fiom the system, since fluid tends 
to lun thiough it as a solid column lathei than to tiickle doi\n one side as in a 
gutter Any nontoxic lubbei can be used, but it is moie economical to select 
a lubbei compounded to insuie maximum heat lesistance Tubing available 
at present will wnthstand 75 steiihzations before it loses its elasticity 
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Piepaiation of Solutions — The avoidance of mass filtration and bulk 
dilution of solutions will be found convenient in most hospitals The prob- 
lems entailed m handling large quantities of fluid can be avoided by a technic 
which also limits potential spoilage due to improper mixing, faulty filtration, 
careless contamination oi uncleanhness, to individual flasks Such technic 
IS based upon the filtration of a relatively small proportion of the final solution 
m the form of a concentrate This concentrate is then diluted with distilled 
water which should contain no particulate matter if properly distilled and 
collected In the average hospital, the concentiate is filtered most advan- 
tageously into a large volumetric bui ette whence a suitable portion is measured 
into a container and distilled water added until the proper dilution by weight 
is made (Fig i) 

Five per cent dextrose solution is prepared from a fresh stock solution 
made by adding hot distilled water to i,ooo Gm of chemically pure dextrose, 
previously weighed out in a countei balanced flask, until a net weight of 2,355 
Gm has been reached The flask is stoppered with a clean rubber stoppei 
and shaken until solution is complete This stock solution is then filtered 
through a fritted glass (17 G 5/3), porcelain filter (F G -450-10), or adsorp- 
tive filtei (Seitz uhlenhuth 60 Mm germicide EK). with the aid of suction, 
directly into a pyrex buiette The filtrate should be crystal clear and color- 
less The stock solution can be decolorized and clarified if necessaiy by 
adding r to 2 per cent activated charcoal (Nonf*') prior to filtration One 
hundred cubic centimeters of the filtrate are measured into a counterbalanced, 
pyrex container, and distilled water is added to a net weight of 1,066 Gm 
A clean rubbei bushing is fitted into the mouth of the flask its skiit is turned 
down, and the channeled stem of the steel stopper is partially inserted into 
the bushing The solutions aie steiilized immediately in an autoclave at 
250° F (exhaust line temperature^®) for 30 minutes After sterilization the 
steam supply to the autoclave is shut off to permit the autoclave to cool to 
200“ F before it is opened In this way, concentration of solution resulting 
from the ebullition of steam following sudden relief of pressuie is avoided 
As the flasks are removed from the autoclave, the steel stoppers are pushed 
m to complete the seal The sterile, sealed solutions can be stored indefinitely 
without impairing then value as safe parenteral fluids 

Pi epai afion of Inti avenous Kits — The establishment of a source of chem- 
ically pure pai enteral fluids is futile unless an equally safe supply of apparatus 
for its administration is constantly available Bacterial growth m residual 
solution or blood in such equipment produces pyrogen which must be 1 emoved 
by adequate cleansing with p3'rogen-free water Chemical cleanliness of the 
inner wall of the vent tubes, rubbei tubing, observation tubes, and needles is 
essential for safe, leactionless infusions 

The cleansing of such apparatus must be done immediately before sterili- 

* Nont (decolorizing carbon — P1731), Research Laborator\, Eastman Kodak, 
Rochester, New York 
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zation, because bacteria are likely to grow in the moisture left in the apparatus 
to insure stei ihzation 

The rubber tubing is cleaned by slipping one end over the nipple of the 
automatic washer (Fig 3) and flushing the lumen for one minute with 
detergent solution under pressure Freshly distilled water is then run through 
the tubing for ten seconds to remove the detergent and leave the inner surface 
chemically clean No attempt is made to dry the lumen of the tubing 

The small glass parts, vent tubes and observation tubes, can be cleaned 
rapidly by sucking hot detergent solution through them This can be done 




Fig 7 — The pyrex vent tuhes are easilj cleaned by sucking hot detergent solution through 
them (A) In position i, the gravity outlet is occluded while the air tube is rinsed, at 2 , both 
passages are cleansed 

The stainless steel stopper is readily removea by a rocking, spiral motion (B) 

most easily in the case of the pyrex vent tubes by using a special holder 
which permits positioning of the tube, so that the capillary vent and the fluid 
passage can be cleansed and rinsed separately (Fig 7 A) 

Needles are cleaned by locking them on the Luer-lock needle adapters 
piovided for the purpose in the mechanical washer and forcing hot detergent 
solution through them They are rinsed with distilled water and inspected 
critically, not only for sharpness, but also for weakness which might cause 
unexpected breakage This is done by holding the hub firmly while the tip 
IS spiung through an arc Those which have been weakened will snap off or 
bend at the junction of the hub and needle Needles should not be sterilized 
with stilets in place because the electrolytic action set up between the stilet 
and the needle causes early corrosion and weakening 
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The various elements of the infusion apparatus are leassembled without 
drying, and the equipment is ai ranged m a clean aluminum tiay (Fig 8A) 
This tiay is inseited into the sterilizing envelope, the inner flap of which is 
tucked beneath the pan and the outei flap secuiely pinned The kits must be 
steiilized without delay The lesidual watei inside the lubbei tubing is 
vaporized in the sterilizei and piovides the moisture essential foi sterilization 
It IS iinpoitant to have the tubing moist because it is difficult to cleai sufficient 
ail fiom a length of dry coiled lubbei to attain steiilizing conditions 



Fir 8 — The airangcment of the elements of the infusion app iratus assembled in the sterilizing 
tra> IS illustrated (A) The tubing is coiled so that the vent tube is uppermost The trav is easil> 
extruded from the sterilizing envelope b> forcing the sides of the envelope together The envelope 
also serves as a convenient means of returning the apjMiatus to the suppl> room (B) The vent tube 
IS removed from the bushing and put into the ti i> along with the needles and steel stopper The 
bushing IS left in place to prevent accide Ual chipping of the lip of the container 

Steiihzation of Kits — The kits aie packed into a cltessmg stenhzei so 
that the bottoms of the aluminum trays aie m a r^ertical position This pei- 
mits the steam to displace the air and results m the rapid development of 
steiilizing tempeiatures It is adrantageous to sterilize them alone oi with 
loosely wiapped rubbei goods because little heat is lequired to bung the 
kits to steiilizing tempeiature They should be sterilized for 30 minutes at 
250° F (exhaust hue temperature) 

Aftei steiihzation the envelopes aie dried by leaving the sterilizer door 
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ajar foi 15 minutes \\hile the steam piessuie is maintained in the jacket If 
the kits are stoied with the tiays inveited, there is little dangei of contamina- 
tion fiom dust and they can lie kept until needed 

Aclnunisti afioii — When an infusion is oideied, it is necessaiy to obtain 
only an intravenous kit and a contamei of the appi opi late solution The stei ihty 
of the solution is tested by striking the inveited flask sharply with the palm, 
diivmg it suddenly away fiom its liquid contents The liquid subsequently 
strikes the flask again pioducmg a metallic water-hammer click This phe- 
nomenon indicates a vacuum of 29 inches of meicuiy — assuiance that the 
flask was heated sufficiently to chive off the air pi 101 to sealing, and that the 
hermetic seal has been maintained The fluid is admimsteied fiom the oiiginal 
contamei by lemoving the steel stoppei by a spiral, locking, twisting motion 
(Fig 7 B) An iniush of an, as this is done, is additional evidence that the 
flask has not been opened following stei ilization 

The outei flap of the stenlizing ein elope is loosened and the coineis of 
the en\ elope aie giasped and pushed togethei to extinde the aluminum tray 
from the envelope (Fig 8 A) This provides, simultaneously, a sterile field 
and a leceptacle to catch the liquid when the an is being expelled fiom the 
rubber tubing 

The poition of lulibei tubing sti etched over the nipple of the pyiex vent 
tube IS then grasped and the latter is “wiggled” into the hole m the rubber 
bushing until the gioove between the shouldeis of the vent tube is seated m 
the rubber bushing (Fig 5 A) This tube acts as a valve foi the admission 
of ail to overcome the negative piessuie cieated in the container as the fluid 
leaves undei the influence of giavity Since the suiface tension across the 
capillary oiifice at the top of the valve is sufficiently great to support the 
column of water 111 the contamei, theie should be no leakage of solution fiom 
the ail vent once a negative piessuie has lieen established 111 the flask This 
IS done conveniently by mveiting the flask, hanging it in the split-iing bracket, 
and peimittmg the solution to lun thiough the lubber tubing into the alumi- 
num pan befoie the needle is attached 

The needle is readily withdiaivn fiom the hour-glass sterilizing tube by 
lemoving the cotton plug and mseitmg the giound-glass tip of the obseiva- 
tion tube into the hub of the needle The needle can be attached fiimly 
enough to pi event dropping 01 contaminating it 

The late of injection can be pi edetei mined (ivithin limits) by holding the 
needle level with the vein into ivhich it is to be inserted and vaiymg the 
piessuie head by raising 01 loiveiing the flask For all practical pui poses 
either a 19 01 21 gauge needle ivill provide an ample range of floiv The 
infusion IS now read}^ to start 

J\Ioie fluid than is couLamed in one flask may be given by substituting a 
second flask as the fiist one is emptied This is done by clamping off the 
lubber tube wuth a Floftman clamp before lemovmg the vent tube from the 
fiist flask The vent tube is then inserted into the bushing of a fresh flask of 
solution, the contamei inveited, and the Floffman clamp lemoved 
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After the infusion has been completed, a small gauze sponge is held gently 
over the skin puncture and the needle is withdrawn Pressure is maintained 
over the sponge for at least five minutes until the hole in the vein has sealed 
off This precaution prevents extravasation of blood into the subcutaneous 
tissues with the subsequent unsightly discoloration of the overlying skin 
Return of Apparatus to the Cential Supply Room — The infusion ap- 
paratus is removed from the split-rmg bracket and placed in the aluminum 
pan, without being disassembled, along with the stainless-steel stopper, extra 
needles, and the hour-glass sterilizing tube The pan is then inserted longi- 
tudinally into the sterilizing envelope (Fig 8 B) and returned to the central 
solution room The long flap of the envelope serves as a handle so that five 
or SIX sets can be carried conveniently in one hand without danger of loss 
or breakage 

Thus, the preparation of safe parenteral solutions depends upon a clear 
understanding of the meaning of the term “chemically pure” and its differ- 
entiation from the word “sterile ” The technic, here outlined, enables any 
hospital to prepare parenteral solutions at a cost which permits adequate 
therapy to be given all patients in whom it is indicated 
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Discussion — Dr Dallas B Phemisilr (Chicago, III ) Fluid and elec- 
tiolyte need from local loss of plasma was discussed in connection with burns 
While this IS the most important cause of local plasma loss calling foi the 
therapy outlined, it is not the only one Injury to a laige pait of the body 
may do it, but operations raiely are sufficiently extensive and tiaumatizing to 
cause local plasma accumulation or escape which calls foi leplacement therapy 
In the following case of common iliac vein thrombosis there was lapicl loss of 
plasma into the limb which was sufficient to produce the circulatory failuie 
A woman who was hospitalized with a generalized moniliasis of the skin, a 
suppurative otitis media, and an uniecognized caicinoma of the pancreas, 
developed, over night, a rapidly increasing swelling with mottling of the skin 
of the left lower limb When seen late in the forenoon she showed marked 
evidences of shock and no pulse was palpable m the markedly swollen and 
discolored extremit}^ Hei condition gi ew n oi se and she died at 7 p m , before 
which, however, the right limb also began to show slightly similar changes 
At autopsy, there was found, aside from the above mentioned changes, a 
fresh thrombophlebitis completely blocking the left common iliac vein and 
partly blocking the inferior vena cava From measurements of the lower 
limbs, it was calculated that the volume of the left one was about four liters 
greater than that of the light There weie no changes found to explain the 
immediate cause of death except the great loss of plasma into the limb 

Most of the emphasis in the discussions was placed on the watei, plasma 
and electrolyte needs of the patient and less on the accompanying erythrocyte 
needs which, obviously, may be difficult to separate 

It should be borne in mind that in cases of marked postoperative cir- 
culatoiy failme, blood transfusion may be moie efficient than fluid and 
electrolyte administration even though there has been no appieciable loss of 
blood at operation Also, this statement may sound like heresy but in sick 
patients who aie to have extensive operations, it may, under circumstances, 
be advisable to operate moie rapidly than usual, with gi eater blood loss and 
grater trauma to tissues m older to save the patient from piolonged general 
anesthesia The blood loss should be compensated for by blood tiansfusion 
(given simultaneously) One should balance all of the factors that come 
into play in an operation and utilize the ones that are least haimful, and time 
saved at the expense of some blood loss, if it is adequately tieated by blood 
transfusion, may be of gieatei importance than meticulous hemostasis and a 
more prolonged operation 

Dr Damon B PrciirER (Philadelphia, Pa ) In considering what to say 
in ffie discussion of this symposium, with its bieadth, width, and depth, I feel 
ver}'’ much like Doctoi M'^altei did this moining It is quite impossible even to 
touch upon all the vanous points of interest, and it seems to me bettei, there- 
foie, to try to add one little point which has occuried to us in the Abington 
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Memorial Hospital as a result of oui attempt to app\y these plans and 
principles 

Pardon me just a moment of reminiscence At the next to the last Phila- 
delphia meeting, which I think was 1 3 j'ears ago, I i ead a papei on “Alkalosis 
Simulating a Case of Nephiitic Uremia” That ^\as just aftei Van Slyke 
had done his fundamental woik on the />« of the body fluids, pointing out the 
noi mal zones with the compensated zones on each side and the uncompensated 
zones and dangers Acidosis was very much in the public eye, and the term 
“alkalosis” was just coming into use Haden and Orr, Gamble and others had 
wiitten ver}" illummatmgly on the subject and explained certain deaths after 
upper abdominal opeiations as a result of dislocation of plasma stiucture 
The pediatricians uere quite aln^e to these humoral conditions as a lesult of 
the susceptibility of children to such abnoimahties but the subject nas, by 
and large, not at all diffused, certainly not to me, for I happened to have 
heard just enough of it to enable me to solve this one case 

The patient was a man who had had a long histoiy of duodenal ulcei 
followed by a cicatiicial stenosis and bad foimed tbe babit of vomiting He 
could A^omit almost at will and so pump out his stomach He was brought 
into the hospital seA'eral times in a stupoious condition His mine contained 
albumin, blood, and casts, and he was legarded and tieated as a uremic He 
was m deep coma and markedly dehydrated when I was asked to see him, not 
because I Avas expected to add anything as a sui geon but because I knew the 
family In going over him, it struck me that it might be the neAv disease 
‘alkalosis” His blood chemistry figures AA^eie as follows Chloiides 200, 
plasma COj So, and blood urea nitiogen 112 I suggested that instead of 
withholding salt on account of the supposed nephiitis he be given sodium 
chloride in laige quantities until his plasma chloiide level Avas up to normal 
This was done As his plasma chloiides rose, the blood urea giadually fell, 
and about 24 hours later he began to come out, and the next day he A\'as only a 
little confused, and the folloAvmg day he A\as completely himself mentally 
In a Aveek I Avas able to peifoim a jejunostomy and later on a gastro-enteros- 
tomy He got entirel}'’ A\'ell 

The importance of this case, and the fact that Ai^e aacic dealing AAith a 
hitherto unrecognized condition, impiessed piofoundly not only me but also 
Dr John Eiman, Avho is noAv at Abington Memoiial Hospital For seveial 
3 ears, the question of Avatei balance and acid-base equilibrium bas been the 
majoi suigical pioblein of the Abington Memorial Hospital to the extent that 
at times I fcai Ave have made oui selves a little iidiculous HoA\ever, the 
pioblem as it has resoh^ed itself to us is not so much any moie in the undei- 
standing of the situation (although I am fiee to admit that aac do not under- 
stand It at all, there is a great deal yet to be done) as 111 the difficulties aac 
have m the coirect application of these fundamental principles at the bedside 

We have deA'^eloped rules aaIiicIi enable us to leani a great deal fiom the 
amount of mine Dr Walteis, to-daj'^ mentioned that as long as the urine 
output Avas 1,000 cc or more, 3^011 could feel safe That is tiue, by and large 
but there occur a feAA cases in AA'hich the situation is much more complicated 
and AAhich require a great deal of acumen and, ceitainl3% a modicum of chem- 
ical knoAvledge to determine just Avhat is going on and AAhat 3'our replacement 
must be and Iioaa much Fuitheimore, there are ceitain difficulties in getting 
the data that are necessaij", that is the nurse, or the peison aaIio collects the 
specimens, must be absolutelj^ accuiate and must appieciate their importance 
There must be somebodj to supeiAuse the nurse, to see that specimens are not 
throAA'n aAAaj" Then there is the question of recoiding If 3"ou put them on 
the ordinarj hour chait, it is a bit haid to dig them out and visualize AA'hat is 

618 



A olume 112 
>,uml)c i 


PREPARATION OF PARENTERAL FLUIDS 


going on We tiied at fiist a special chait on \\hich the intake and output of 
water, sodium chloiide, glucose, etc, weie consolidated That w^as a great 
deal bettei , but the nurses made mistakes in addition and in collection in spite 
of all that w^e could do, and besides, it still lequiied consideiable mental effoit 
and time to get the data m a form foi quick deductions 


ABINGTON MEMORIAL HOSPITAL, Abington, Pa. 


WATER AND SOLUTE CONTROL CHART 



Diagnosu 


Form 75 


Another mattei was the education of the younger men, the resident surgeon 
and intein While we were so keen on the matter and discussing it all the 
time and talking about it in our stag meetings, eveiybody w^as keenly alive, 
salt and water conscious,” but wdien w^e could no longer afifoid to dw^ell so 
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much upon this matter, the successive generations came along without ade- 
quate instruction in the fundamentals We found that we could not turn these 
things over to our younger men, as we do so many details, and very properly, 

ilEVEflSE OF l-JiTEft AMD SDUIIF CONTflOE CHyiT 

T HF purpose of this chart is to enable the clinician to evaluate grossly at a glance the state of 
hydration and «oIutc balance in i patient The amount of water held in the bod> is chicflj 
determined b> the quantities of certain solutes contained in the body fluids mainly the chlondes 
bicarbonate urea and glucose In normal concentrations urea and glucose play only a minor role but 
become important factors when the amounts arc markedly increased 

For practical purposes the effective concentration of solutes m the blood can be estimated by adding 
the plasma chlorides bicarbonate and blood urea in terms of milliosmols These fractions represent about 
90^0 of all the crjstalloids of plasma 

For more accurate studies all clcctroljtcs measured by the total base the total NPN and glucose mu«t 
bu considered This applies especially to cases in which the organic acids are markedly increased as in 
<;tar\ation ketosis and in diabetes 

In the majority of normal ca'ses the effective concentration of solutes m plasma jc the sum of 
chloride? bicarbonate and urea vanes from 215 to 240 milliosmols Cases showing values of 20 or more 
mOsM below or above the normal sone must be regarded as requiring prompt and special attention Thii 
applies particularly to patients with large amounts of organic acids and high blood sugar 

Normal distribution of fluids between the capillancs and interstitial tissue spaces depends on the 
normal amounts and integrity of plasma proteins (Total 6-7 4 gms/100 cc AG ratio 1 5-1 8 colloid 
osmotic pre^ure 345-383 mm water) If patients are maintained on parenteral feedings for a week or 
more special attention must be paid to the plasma proteins and deviations from the normal corrected by 
cither whole blood or plasma transfusions Unless protein faults arc corrected very little will be accom 
phshed by the adjustment of the crystalloid imbalance 

If a patient depends mainly on parenteral intake physiological saline should be substituted by Ringers 
Solution after the third day Further in order to supply the vitamin n.quiremcnts such a patient should be 
,,ivcn intravenously at least jO mgms of Ascorbic Acid (in severe infections this should be increased to 
oO-lOOmgms) and 1 mg Thiamin Chlondc daily 

The upper part of this chart shows, the concentration of plasma chlorides and bicarbonate m milli 
equivalents and the whole blood urea m millimols per liter (Record the graphs as follows Chlorides — 
green Bicarbonate— blue Urea — black) 

NORMAL ZONES Plasma NaCl 560-600 mgms 5^ or 96-102 mEq/L 

Plasma CO 45- 65 vols % or 19- 26 mEq/L (bicarbonate) 

Blood Urea N 7- 15 mgms or 3- 6 m M/L 

CONVERSION VALUES 

] Plasma NaCl in mgnis 9b « 

■ g - g - - ■ ' ■ ■ ■ = chloride in tncq/L 

Chloride in mEq/L X 1 86 = mOsM 
2 Plasma CO vo/s 9b X 643 = hicarbonafc m mBq/L 
Bicarbonate in niEq/L X 1 86 = mOsM 

3 Blood Urea N mgms 9b ... 

' ' a s " " ‘ ^ " == Llrea m millimoU niOsM 

4 Phosphorus mgms X 0 6 = mEq/L 
mEq/L X 1 86 = mOsM 
5 Glu c ose mgms ^ ^ 

6 Organic Acids in mEq/L X 1 86 = mOsM 
7 Proteins in gms % X 2 4“ mEq/L X I 86 = mOsM 

** « « * X 53 5 = colloid osmotic pressure in mm water (when 

there is no A/G inversion) 

Plasma Albumen in gms 9b X 74 4 = colloid osmotic pressure m mm vialcr 

Plasma Globulins in gms 9b X 18 9 = colloid osmotic pressure m mm v\ater 

NaCI IS almost completely loni cd when m a solution thus NaCl 5^ Na++Cl'*' hence one 
part or one mol of NaCl yields almost 2 parts of ionic or osmotically active material The lonuition 
factor IS I 86 for all the clectroly tes therefore mEq/L of an clcctroly tc multiplied by I 86 y lelds the number 
of milliosmols mOsM For non electrolytes like urea and glucose which do not loni c the concentration 
in millimols mM and mOsM have been considered identical 

Tbc middle part of this chart is a summation of the concentrations of Plasma NaCl NaHCO and 
uri .1 expressed in milliosmols This graph is recorded m red 
Normal Zone = 215-240 milliosmols 

Attempt should be made to keep the red line within the normal ..one by regulating the water, sodium 
chlondc and alkali intake 

On the lower part of the chart is recorded intake and output m 24 or if desired in 12 hours Intake 
by mouth is recorded m black parentcrally in blue Output — urine m red drainage Wangensteen etc in 

trci-n 

Fluid intalc should be adjusted to cover adequate urine output drainage and the insensible water 
loss Normally the latter averages SOO-1500 cc but with fever and visible sweating the loss may be 2000- 
5000 cc a day » 

An output of 50o cc of unne a day is to be regarded as an absolute minimum under those conditions 
the specific gravity should be 1 030 or better In the event of diminished concentration with specific 
gravity around 1 0’’0 the urine output should be maintained at 1000 cc or better 


I think So it became a very great burden to the permanent stafif to see that 
these matters of salt and water balance were properly adjusted 

We have felt for some time that we needed a more simple method of 
recording the peitinent data, something like a tempeiature chart, something 
that you could look at and see at a glance whether anything was going wiong, 
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Without considering separately each item or figure Then, with the cases that 
were out of balance you could take the time and tiouble to investigate, drav 
your conclusions and institute the proper treatment At last, we thought of 
a graph, you see, something like a tempera tuie chart You cannot just take 
the figures of salt and urea and CO2 and add them up and build a chait 
Urea, for instance, does not ionize, its value as an osmotic agent, therefore, 
IS only about one-half of what salt and bicarbonate is We needed a common 
basis for addition, so our biochemist. Doctor Grosscup, suggested expressing 
these components m milhosmoles, that is, in terms of equivalent osmotic 
pressure Hence, we lecord the sum of the above substances as a led graph, 
the normal zone of which is between 215 and 240 It is desirable, but not 
essential, that we understand, in detail, the significance of the figures As 
long as we provide for adequate urine output and keep the giaphs within or 
near their normal zones, we have reasonable assurance that the patient’s solute 
and water balance is close to normal Watch the red line, especially if it is 
above or below its normal zone — bring it back promptly ' 

Now, taking a little note from Van Styke, we say that anything 20 points 
above or 20 points below indicates a compensated zone but it also indicates 
danger Above or below is a signal indicating that the patient is m imbalance 
and that something must be done at once to restore him Hence, this is some- 
thing like a temperature chart You look at it, your graphs ought to be in 
their proper zones, and if they are not m there, why not ^ On the same chart 
we record in columns in different colors, oral and parenteral intake, also 
urine output and fluid losses through other channels This helps to visualize 
at a glance what is going on Furthei, we record the daily intake of glucose 
and sodium chloride intake and loss Plasma proteins are estimated whenever 
indicated since we fully recognize their importance 

In order to have assurance of reasonably accurate collection of specimens 
and recording data and graphs, we had to put a special metabolic nurse on the 
job We detailed her to go around to every tube-case and every case receiving 
fluids parenterally and see that the muses uere doing their work well I do 
not think you are going to get sufficiently accurate data from a changing 
series of interns I do not think your chief is going to be able to total these 
things up himself or herself, and the whole thing will fail unless you build up 
a mechanism to handle it accurately and without too much trouble * 

Dr J Shelton Horsley (Richmond, Va ) The procedure of introduc- 
ing the Abbott-Miller tube is often ver)”- valuable Of course, it must be 
applied only in cases of obstruction in which there does not seem to be 
strangulation of the intestine or a serious affection of its blood supply, as in 
mesenteric thrombosis In the type of obstruction following lymphatic adhe- 
sions or m adynamic obstruction it is valuable, though in some instances the 
tube IS difficult to introduce 

The presence of an indwelling tube through the nostril, however, is not 
entirely innocuous, aside from the discomfort that it frequently gives, though 
in appropriate cases of obstruction these objections must often be endured 
for the relief that is obtained Thus, Iglauer and Molt (Iglauer, Samuel, and 
Molt, Wm F Severe Injury to the Larynx Resulting from the Indwelling 
Duodenal Tube Ann Otol , Rhmol and Laryngol , 48, 886, December, 1939) 
report severe injury to the larynx from an indwelling duodenal tube occurring 
m ten cases which they have encountered The tube was in place for periods 
varying from six to 20 days Two patients died, and necropsy showed in 
them deep ulceration in the upper end of the esophagus, and in the 

* These charts maj^ be obtained by application to the author, at the Abington 
Memorial Hospital, Abington, Pa 
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othei, shallow Imeai ulcers in the uppei end of the esophagus in the ciicoicl 
region Both cases showed inaiked inflammation in the lar3'nx In the othei 
patients, a tiacheotomy was frequentl}'' imperative in ordei to relieve the 
acute lar3mgeal stenosis The3'^ sa3^ that tubes of the smallest diametei should 
be used Naturally the Abbott-Miller tube cannot be made as small as the 
Jutte oi the Levine tube, so that trauma ma3f be even gi eater 

Doctoi Abbott has shown, m his illustiation, that his tube is used after a 
gastro-entei ostomy, being mseited tbrougb the nose, into the stomach and 
into the jejunum so that nourishment can be given 

I wish to call attention to a simple proceduie that I have been using for 
the last few yeais aftei pyloi oplast3'’, paitial gastiectom3^ or gastro-eiitei os- 
tomy, which avoids the necessitj”^ of having an indwelling tube through the 
nose In a gasti o-enterostomjq foi instance, aftei the posterior layei of 
sutures has been placed a sharp-pointed hemostat is intioduced through the 
opening in the stomach and thrust thiough the anterior wall of the stomach 
It catches a medium s\ze soft lubbei cathetei in which theie aie two openings 
The catheter is clamped about its middle, and is diawn into the stomach foi 
about three inches It is fastened to the stomach with fine chiomic catgut, 
and aiound this is placed a purse-stimg sutuie of the same mateiial The 
gastro-enterostomj'' is completed, and then a stab wound is made to the left of 
the abdominal incision and the butt of the calbetei is diawn thiough the stab 
wound The stomach is fastened to the pai letal pei itoneum with fine chi oinic 
catgut, and a tag of omentum is also bi ought around this region 

If It IS desired to give nouiishment, a longer tube, such as the Jutte tube, 
can be used instead of the cathetei, and can be brought do:\n well into the 
jejunum 

Tin listing a shaip-pomted hemostat thiough the stomach wall instead of 
cutting the stomach does not destioy the musculai layers of the viscus, and 
when the tube is lemoved theie is usually no leakage of stomach contents 
The tube can be kept in mdefiniteljg and affoids not only a means of emptying 
the stomach contents and leheving the stiaiii on the sutures, but, if placed in 
the jejunum, maj'' be an avenue of suppljnng nounsbment via the jejunum 

Dr Walter Estell Lle (Philadelphia, Pa ) Doctoi Minot has referred 
to the reactions which follow the use of blood sei um, and I would like to call 
attention to the fact that these leactions aie even moie seveie and moie fre- 
quent when Ij^ophihzed seium is administeied intiavenously Doctors Stokes 
and McGinnis, in the Childiens Hospital in Philadelphia, developed, some 
3"ears ago, a piactical method for the prepaiation of Ij^ophilized blood seium, 
and they established at the hospital a Bank (vhich thej'’ called a Station) and 
undertook to supply diied Ij^ophilized serum from the blood of immunes who 
had had vaiious contagious diseases, such as measles, infantile paiatysis, 
influenza, scailet fevei, etc Howevei, the hopes for this plan have not 
mateiiahzed because it has been found that the leactions were so fiequent 
and severe that the whole scheme has been practicallj" abandoned IMinot has 
called attention to the fact that these leactions do not occur when plasma is 
emploj^ed instead of sera and fuithei, that agglutination does not occtii Mitli 
plasma as in seium, which eliminates the necessitj’^ foi t3"ping and matching 
of the donor and the lecipient This has been found tiiie not only when the 
plasma is fiesh, but also when it is pooled as a bj^-product fiom a Blood 
Bank In Pbiladelpbia we have discontinued the use of whole blood fiom 
a Blood Bank aftei it has reached the age of four days, and the plasma 
obtained from these Banks has provided a souice of supph' vhich, m most 
hospitals, has been entireh" adequate to meet the increasing demands foi 
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plasma These demands aie mci easing lapidly, and, at the present time, in 
many of the hospitals A\hole blood is never admmisteied unless theie is a 
specific need foi led blood cells Recently, Doctoi Strumia, at the Biyn 
Mawi Hospital, which is m one of the subuibs of Philadelphia, m lepoitmg 
his experiences with plasma instead of seium and whole blood, ovei a peiiod 
of three oi fotii yeais, also lecoids his woik with lyophihzed plasma, the 
lesults of which aie compaiahle m eveiy way with those he has obtained with 
fiesh plasma To us, this seems to be a lemaikahle contiibution, particulaily 
m the present military ciisis The possibility of piepaimg lyophihzed plasma 
and stoi mg it m glass ampules and shipping it where it may be most needed, 
would obviate the need for preseivation by lefiigeiation of blood, classifica- 
tion by types, and the cross-matching befoie a tiansfusion is admmisteied 
The meie mixing of the lyophihzed plasma Avith steiile saline solution will 
piovide a plasma foi transfusion which probably will meet the requiiements 
in most of the acute emeigencies m military suigeiy 

Dr A S Minot (Nashville, Tenn closing) I have listened with inter- 
est to the discussions about estimating the need foi fluid and electiolyte I 
should like to add a suggestion m legaid to the estimation of whether oi not 
leplacement theiapy is keeping up with the loss of plasma volume When 
we stait to treat a patient we do not know how extensive the capillary damage 
may be If it is mainly a question of ovei coming dehydiation and supplying 
the necessaiy fluid and electiolyte, then the mtiavenous admmistiation of 
fluid IS most valuable m lestoimg and maintaining the circulation Undei 
these ciicnmstances the concentiation of plasma protein and of cellular ele- 
ments of hemoglobin should dilute togethei as fluid is lestored On the othei 
hand, if one makes, as so often happens, the paiadoxic obseivation that the 
cells aie becoming moie concentiated m the blood while the plasma piotein 
concentiation is piogiessively deci easing, it can only mean that plasma fluid 
and piotein aie being lost fiom the blood stieain Thus, by making frequent 
measui ements of the hemoglobin concentration and by detei mining the plasma 
pioteins eithei chemically oi by specific gravity, we have a means of knowing 
whethei the admmistiation of fluid is lestonng and inci easing the plasma 
volume 01 is having the opposite effect With this mfoimation as a guide 
the leplacement theiap} can be adapted moic closely to the needs of the 
paitiCLilar patient 

Dr W Osler Abbott (Philadelphia, Pa, closing) The question of nasal 
nutation fiom the piesence of tubes is one which, I think, deserves a woicl 
That IS often the factor determining the time foi which the tubes can be left m 
place Throughout this period, extieme caie must be given the nose and 
till oat to keep the mucosa shiunk away from the tube, so that drainage of 
nasal secietions will be fiee In Ration should be leheved, insofai as possible, 
by the use of local applications The actual eiosion of the nasal pharyngeal 
sui faces, howevei, as fai as I can detei mine, occuis more commonly at the 
time of the withdrawal of the tube than while it is in place, though I say this 
with the lealization that it must in some cases be unavoidable m the course of 
time I should like to place the emphasis on careful withdiawal so that the 
eiosions aie not produced by actual mechanical fiiction of the tube thiough 
the nasophaiynx 

Dr Robert Elman (St Louis, Mo, closing) I should like to discuss 
foi a moment Doctoi Fine’s papei, which I feel is a veiy impoitant contiibu- 
tion to the tieatment of intestinal obstruction I should like to piesent one 
case in confiimation of his findings, with a leveisal, how'evei, m the thera- 
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pentic approach Doctoi Fine remedied the loss of plasma in his patients by 
correction of the distention , m my case I lemedied the distention by correcting 
the loss of plasma 

Chart I repiesents observations upon a child who was operated upon for 
lupture of the appendix, with general peritonitis The recovery following 
operation was uneventful until the seventh day when she developed abdominal 
distention and vomited, and, in spite of decompression, remained distended — 
severely so, moie alaiming than that, was the general condition of the 
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Chart i — This represents the findings from the seventh to the fourteenth 
day following operation for a ruptured appendix, with generalized peritonitis, 
in a female child weighing 20 Kg The course was une\entful up to the 
se\enth day, when distention and \oraiting began, circulatory collapse de 
veloped the next day Prompt relief following the plasma transfusions (each 
of 200 cc ) coincided with the return of the various measurements to normal 
as shown in the chart In the upper curves the heavy line represents the 
pulse rate the light one the temperature, in the lower curves the red blood 
count and serum albumin concentrations are indicated in the left margin 

patient which, as indicated by the chart, had produced an extraordinary in- 
crease m the pulse rate She was semicomatose Her color was poor The 
1 ed cell count was 6,000,000 , serum albumin, which we feel is more important 
than the total serum protein, had fallen below 3 Gm per cent In spite of the 
fact that she was receiving the usual amount of parenteral fluid, she excreted 
but little urine At the points indicated by the arrow, three plasma transfu- 
sions were administered because we felt her dehydration was due to the loss 
of a great deal of plasma somewhere 

I should like to call your attention to the large dose of plasma that was 
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given this paiticulai patient Each injection consisted of 200 cc , vdnch 
represented 10 cc per Kg of body weight, since the child weighed 20 Kg 
This same dose ivas repeated thiee times wnthin the next 36 houis This 
ivould correspond, m an adult, to the administration of 2,100 cc of plasma 

The striking thing was the remarkable clinical effect of the plasma trans- 
fusions As can be seen m the chart, theie was a fall m the pulse late, hei 
geneial condition impioved She became alert Hei coloi impioved The 
red count fell piomptly, and then became normal The serum albumin rose 
to noimal (43 Gm pei cent) She began to pass flatus and stool, and we 
\vere very gratified when the distention disappeared She lecovered com- 
pletely, without the necessity of any further operative procedure 

This patient, obviously, suffeied an extreme degree of plasma loss, the 
natuie of which we were unable to deteimine, except that, I agiee with 
Doctor Fine, it must have been lost somewhere m the gasti o-mtestmal tract 
Regardless of the cause, however, the result of plasma transfusion m large 
amounts was a true example of replacement therapy and coincided, in many 
respects, with the lesults we have observed with similar treatment in severe 
cutaneous burns, which was so perfectly, and amply demonstrated by the 
case which Doctoi Minot reported 

Dr Carl W Walter (Boston, Mass , closing) I should like to empha- 
size that solutions wduch have been prepared properly and sterilized for 30 
minutes at 250° F wall keep indefinitely provided they are hermetically 
sealed The piesent, almost universal custom of discarding such solutions 
after peiiods of 48 hours to five days is uneconomic, and there is no basis in 
fact for discarding them 

The second point is that careless sterilization may spoil solutions as far as 
the clinician is concerned If the sterilizer operator vents the steam pressure 
m the sterilizing chambei, solutions at 250° F are suddenly subjected to 
atmospheric pressure Such solutions are then superheated To relieve this 
superheat, steam is evolved, and this sudden ebullition of steam causes con- 
centration of the solution Frequently, the steam m the chamber is vented, 
while that m the jacket is left on The solutions are thus gradually boiled 
aw^ay Accordingly, instead of using isotonic solutions, the clinician may often 
be using hypertonic solutions This can be avoided by being certain that the 
steam supply to the sterilizer is turned off at the end of the sterilizing cycle, 
and that the autoclave door is securely closed until the temperature of the 
solution has reached 212° F , where superheat no longer exists and concen- 
tration due to evaporation will not occur 
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GASTRIC ACIDITY BEFORE AND AFTER OPERATIVE PROCEDURE 
WITH SPECIAL REFERENCE TO THE ROLE OF THE PYLORUS 

AND ANTRUM^ 
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FHOM THE DEPVRTMENT OF SUHCFRl UNUmSITI OF MINRFSOTA MEDIC II SCHOOL MIVNEAPOLIS, MILN 

This study has as its objective definition of what opeiative procedure, upon 
the stomach, accomplishes m the management of duodenal and gastiic ulcer 
This efifoit lepiesents an attempt to assay the effects of the commonly prac- 
ticed operative pioceduies such as gastio-entei ostomy, antial excision and 
extensive gastric lesection upon gastric acidity, and to con elate these findings 
with the effect of these same opeiations upon gastiic evacuation The effects 
of tubulai lesection with and without gastiojejunostomy and the Schmilinsky 
opeiation, m which piovision foi complete intragastiic leguigitation of duo- 
denal content is effected, together with antial excision, upon gastiic acidity 
and evacuation will be leported as well 

Despite studies made upon the physiology of gastiic secietion, the factoi oi 
factois which deteimine whethei the paiietal cells of the acid secieting area 
of the stomach will oi will not seciete free hydrochloiic acid remain an enigma 
still The impoitance of acid in the genesis of ulcei has been established defi- 
nitely by the experiments of Mann and Williamson, and Diagstedt and his 
associates Mann and Ivy and their associates, though stiessing the impoi- 
tance of the acid factoi m the genesis of ulcei, have pointed out repeatedly the 
importance of the mechanical factor Moieovei, the experiments of Mat- 
thews and Diagstedt may be constiued to suggest that acid is the factor oi 
common denominator of ulcei The laigei number of obseiveis and experi- 
menters are m agieement with Ochsner and his associates that acid is only an 
important factoi in the genesis of ulcer Other items, such as tiauma, the 
neivous factor and deficienc) states, aie believed to play a significant idle 
The opeiatnie proceduies peifoimed b}! suigeons foi relief of uncompli- 
cated chionic duodenal and gastric ulcer causing pain have laigely an einpiiic 

* Read before the American Surgical Association, St Louis, Mo, Maj i, 2, 3, 1940 
The researches presented here vere supported by grants of the Graduate School of 
the Unuersit} of Minnesota and the Committee on Scientific Research of tlie American 
Afedical Association, and bj a grant for technical assistance b}' tlie Works Projects 
Administration, Official Project No 665-71-3-69, Sub-project No 58 
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basis Thiough what agenc}’’ the beneficial effects of opeiation upon the 
stomach for ulcer are mediated is still a matter of some speculation and con- 
siderable difference of opinion It is not without mteiest that the favorable 
influence of gastro-entei ostomy upon a duodenal ulcer has been ascribed suc- 
cessively through the yeais to (i) Physiologic rest for the ulcei , (2) im- 
pioved diamage from the stomach (deci eased gastric evacuation time) , (3) 
increased inti agastric regui gitation affoiding opportunity for gieatei dilution 
and neutralization of the acid gastric content, and (4) effective reduction of 
gastiic acidity 

Those who advise or practice gastric resection for ulcei set as their objec- 
tive the attainment of achloihydna in the lesidual gastiic segment If the 
\\ eight of evidence were to be evaluated fiom the literature in teims of ex- 
pressions from pel sons mteiested and experienced in the field, one would be 
forced to conclude that the “small gastiic lesection’’ (paitial), whethei per- 
tormed b} the Bilhoth I 01 II plan, is an eminently satisfactoiy opeiation, 
insuimg achloihydna — not always but usually achieving this effect thiough 
sacrifice of the pylorus and antrum, sometimes desciibed as the acid legulatoi, 
awakener or titillator of the acid secreting glands m the coipus and fundus 
A laige number of surgeons favor the “small gastiic resection” (partial) 
foi ulcer Among others aie Fiiedmann. Fromme, Goetze, Habeier, Hoflfman, 
Konnecke. Lorenz and Schui , Riedei , Rienhoff, and Smidt 

There are, of couise, dissenting opinions to this expiession On the one 
hand, theie aie those who insist that, whereas antral excision wull not insure 
achlorh) dria, a more aggiessive excision of the acid secieting aiea of the 
stomach wall (Fmsteier) On the othei hand, there are those wdio suggest 
that excision of increasingly larger segments of the stomach (“subtotal re- 
section”) IS not moie likely to succeed in making the stomach achloihydiic 
than IS the small gastric lesection (partial), and that an extensive gastric re- 
section IS just as likely to be follow^ed by an anastomotic ulcer (Shapiio and 
Berg, and Lewus) The dissenters in this lattei group from extensive gastric 
resection disapprove of the operation for tw^o diffeient reasons The one, 
because they feel that the stomach cannot be made achloihydiic as long as 
any gastric tissue 1 emains , the other, because they feel that gastric resection 
pet se is the w^rong appioach to the wdiole pioblem, believing that acid, after 
all, plays only a small, if any, part in the oiigins of ulcer (Emery) Others 
approve of extensive gastric lesection for ulcei, but do not believe that gastric 
acidity pet sc has much to do wnth the etiology of ulcer (Konjetzny, Mizoguti, 
and Tomoda and Aramaki) An increasing number of surgeons haA^e found 
that extensne gastric resection, though not affording the patient absolute pro- 
tection against recurient ulcer, is moie likely to exhibit few^er failures (A A 
Berg Fluster ei, Grabam, Klein, Lahey Lewusohn Ogilvie and Strauss) 

^^'ere one of us to set ourselves the laudable task of readrng all that has 
been written upon the mechanism of gastric secretion the genesis of ulcer 
and Its treatment, a long life of ardent study would not suffice to encompass 
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the entirety of these intimately related subjects Moreover, it is even more 
significant that ciucial expenments to secuie direct and final answers to 
these issues have not yet been devised Ivy, an experienced and successful 
experimentalist in the field of gastiic physiology, said (1931) m a moment of 
discouragement, “I have been working on the question of ulcer foi about 12 
years, and I am about to give it up , for the simple reason that I know 
of no way of producing a pylorospasni 01 reflex neivous disturbance in a dog, 
as they are known to occur m man, due to emotions and anxiety with their 
associated motor and secretory disturbances ” 

It IS obvious that the stomach is a very complex and intricate organ, the 
functions and mechanisms of which aie not wholly understood 

The Edkms’ Hypothesis — One of the chief objectives of this study has 
been to investigate the validity of the Edkms’ hypothesis Pavlov, it is to be 
remembered, divided gastric secretion into three phases (i) The psychic or 
cephalic phase, in which sight, smell or taste of food set up impulses which 
leach the stomach by way of the vagi nerves, causing a flow of gastric juice 
On sham-fed esophagotomized dogs, Pavlov was able to show that vagotomy 
inhibited psychic secietion of gastric juice (2) The gastiic phase, contingent 
upon the presence of food m the stomach — elicited by a laige variety of foods 
including water Whethei hydrochloiic acid, secreted m response to the 
presence of food 111 the stomach, is excited through a secietagogue or hor- 
monal effect IS not known (3) The intestinal phase occasioned by the diges- 
tion of food m the intestine and its absorption 

When surgeons adapted gastric resection, which Billroth executed suc- 
cessfully for the lemoval of gastric cancer, to the surgery of ulcer, it is 
natural that the same pattern of excision of gastric tissue should have been 
employed for the management of gastric ulcei With elaboration of Edkms’ 
hypothesis that gastrin, a pyloiic and antral hormone, legulated and controlled 
the gastric phase of gastric secretion, sufficient justification seemed to have 
been found for the surgeon’s practice of excision of the pylorus and antrum 
to reduce gastric acidity — a practice which came to be applied later, with even 
more vigor m certain quarters to the treatment of duodenal ulcei 

The validity of the Edkms’ hypothesis of pyloric hormonal control of the 
gastric phase of gastric secretion is still a matter of no general agieement 
Ivy (1930) reviewed the experimental data foi and against pyloric hormonal 
control of the gastric phase of gastiic secretion, and concluded that the ques- 
tion could not be answered definitely and finall}'^ until it could be determined 
whether or not purified preparations of gastrin from the antral mucosa weie 
chemically identical with histamine On the experimental side, too, there is 
considerable disagieement as to the effect of removal of the pylorus and 
antrum upon gastric secretion Among those who insist that results of the 
sacrifice of the pyloius and antrum m the dog (antral excision j^lus gastio- 
jejunostom}’-) uphold the Edkms’ hypothesis are Smidt (1923), who observed 
a shortening of the gastric phase of gastric secretion and a loweimg of acidit}', 
and Wilhelmj, and O’Brien and Hill (1936), who observed definite lowering 
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of gastric acidity Priestley and Mann (i932)> while reporting somewhat in- 
constant results, concluded that the pyloric mucosa played only a minor i ole 
in the regulation of gastric acidity Lewis (iQS^) excised the antral mucosa, 
leaving the musculature of this gastric segment intact He observed marked 
reduction in gastric acidity, but the response to the histamine test lemained 
normal Enderlen and Zukschwerdt (1931) demonsti ated lowering of 
gastric acidity in Pavlov pouches in dogs after antial excision, but observed 
that, in time, the acidity returned to normal London (1925) has noted this 
same occurrence 

Portis and Portis (1926), employing a Pavlov pouch, were unable to 
detect any significant difference in the secietion of the pouch after antral ex- 
cision The residual stomach anastomosed to the jejunum they found to be 
consistently achlorhydric Shapiio and Berg (1934) confirmed these find- 
ings, failing, however, to obseive achlorhydria consistently in the residual 
portion of the stomach anastomosed to the jejunum The observations of 
Steinberg, Brougher and Vidgoff (1927) are in geneial agreement with those 
of Portis and Poitis, and Shapiro and Berg — all of which tend to disci edit 
the Edkins’ hypothesis, as well as the practice of antral excision, as an effective 
means of 1 educing gastric acidity in the management of ulcer 

On the clinical side, howevei, as indicated above, expressions from those 
who have applied the Edkins’ hypothesis to ulcer management suggest quite 
stiongly that antral excision is an effectual and satisfactory means of reduc- 
ing gastric acidity 

The Authois’ Approach to the Pioblem — In essaying to evaluate the ac- 
complishments of operation 111 the management of ulcer, as well as the mannei 
in which the effects of operation are mediated, we have regarded suigical 
therapy as an experimental approach to the ulcer problem A most conserva- 
tive attitude regarding the role of surgery m the management of ulcer has 
been entertained by both mteinists and surgeons in the clinics of the Univer- 
sity Hospital Up until recently, gastro-enterostomy was the commonly 
piacticed operative procedure in those patients presenting classic and some- 
what pressing indications for opeiations, save for the gastric ulcer which was 
suspected of being malignant Gasti ic resection has been performed regularly 
for gastric ulcer when the roentgenographic defect persisted despite rigidly 
controlled dietaiy management and bed rest With some mutual misgivings, 
entertained by both internists and surgeons over the accomplishments of gas- 
ti o-entei ostomy and with the consent of the Depaitment of Medicine, the 
surgical staff, while still adheimg stiictly to orthodox indications for opeia- 
tion, chose to vary the type of surgical pioceduie, with the consideration in 
mind of garnering useful information concerning the role of various opera- 
tions in the management of ulcer, as well as the manner in which such in- 
fluence IS mediated 

In addition, 111 the laboratoiy a variety of experimental procedures have 
lieen carried out, largely upon the dog, m an attempt to assay further the 
validity of the Edkms’ hypothesis These experiments will be cited briefly 
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heie, togethei with some woik still in the piocess of prosecution which lends 
increased credence to the significance of acid as a most important factor in 
the genesis of ulcei, as suggested in the experiments of Mann and William- 
son, and Matthews and Diagstedt 

The Chmcal Data — It was the occurrence of gastiojejunal ulcei in two 
patients, subjected to antial lesection because of continued bleeding from a 
duodenal ulcer, that suggested this study Both patients (Cases i and 2, 
Table II) had had a previous gastro-entei ostomy, and when the antral resec- 
tion was performed, no evidence of a gastrojejunal ulcei nas observed in 
either instance In both patients, gastiojejunal ulcei followed antral excision 
within a few months 

Sixty patients having the following types of operative procedure were 
available for study 

Group I Twentj'-nme cases gastrojejunostomy — retrocohc 
Group II Six cases antral excision, with complete terminolateial 
anastomosis (Polya) 

Group III Ten cases extensive gastric resection including pylorus and 
antrum, with either partial (Hofmeister) or complete retrocohc 
terminolateral anastomosis (Polya) Entero-anastomosis nas per- 
formed in some , m othei s it was omitted 
Gioup IV Six cases antral exclusion, with extensive gastiic resection 
(Fmsterer's operation) accompanied either by partial (Hof- 
ineister) 01 complete retrocohc terminolateral anastomosis (Polya) 
Enteio-anastomosis was more often pei formed than omitted This 
opeiation was undei taken in instances of duodenal ulcer with 
choledochoduodenal fistula and in other instances of duodenal 
ulcer in which theie was a good deal of induiation of the duo- 
denum, extending in a few instances into the prepyloiic region 
The segment of stomach lemaining proximal to the pylorus fol- 
lowed m all instances Fmsterer s admonition of leaving not more 
than two fingers’ breadth of gastric tissue 
Group V Three cases — provision foi complete inti agastric regurgi- 
tation for gastrojejunal ulcer following antral excision ( Schmilinsk}' 
operation) Cases r and 2 of this group appear also in Group II 
Group VI Five cases tubular excision (fundus and corpus) with 
gastiojejunostomy, leaving the antrum and pylorus intact 
Group VII Thiee cases tubulai excision (fundus and corpus) with- 
out gastrojejunostom}^ leaving the antrum and pylorus intact 

In those instances operated upon within the last year, careful note was 
made of the amount of gastric tissue excised at operation In the earlier cases, 
extensive gastric resection was performed for high-lying gastiic ulcer, m 
duodenal ulcei, gastro-enterostoni}'^ was the common operative procedure 
Antral excisions were done for bleeding duodenal ulcer and the occasional 
gastric ulcer situated near the pylorus 
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In all patients, caiefully controlled postoperative studies of gastiic acidity 
have been made In most patients, including all the resections, such preopeia- 
tive data aie available The postopeiative observations made upon these 
patients include (i) Studies of gastric acidity, (2) gastiic emptying time, 
employing the neutialization test (introduction of 150 cc of o 4 pei cent HCl 
into the stomach) , and (3) gastiic evacuation time, determined fluoroscopic- 
ally, aftei the patient swalloued 150 cc of a thin baiium mixture The 
emptying time for barium was 83 minutes in a small gioup of noimal peisons 
(Bergh) 

The gastiic acidity was determined by the usual coloiimetiic titiation, em- 
ploying TopfeTs leagent as the end-pomt for fiee hy di ocholoi ic acid and 
phenolphthalem as the end-pomt for the total acid 

Gastric acidity was detei mined legularl}' in the moining, the patient having 
had no biealcfast A No 14F duodenal tulie with four perforations at the tip 
was introduced through the nose into the stomach, and periodic aspiiations 
weie made as follows (i) Fasting, (2) 30 minutes aftei mtiagastiic instilla- 
tion of alcohol (50 cc of 7 per cent solution) , and (3) 30, 60 and 90 minutes 
aftei 05 mg of histamine hydi ochloride In the “neutralization test,” acid 
was introduced into the fasting stomach and aspiiations weie made at subse- 
quent inteivals of 15, 30, 45, 60, 75 and 90 minutes The figures in the table 
indicate the amount of acid “neutralized 01 lost” in one hour In the graphic 
sketches of the lesults of this test, we have employed the noimal standard 
dcsciibed by Elman This test is piobably desciibed more accuiately as a 
test of the gastiic evacuation time Control studies with baiium suggest a 
fairly close paiallelism between the ability of the stomach to “neutialize” acid 
and lapid evacuation That is, a stomach that emptied rapidly with barium 
also showed a gieat capacity to “neutralize” acid mtioduced We have come 
to speak, theiefoie, of acid loss, through rapid gastiic emptying lather than 
neuti ahzation 

We have chosen to put a good deal of emphasis upon the results of the 
histamine (maximal) stimulation, feeling that these findings aie most sig- 
nificant It IS to be admitted freely that histamine, m a sense, is not a physio- 
logic activatoi of gasti ic seci etion That is. histamine does not give a maximal 
stimulus alike to the seci etion of pepsin and mucus, as it does to hydiochloiic 
acid Yet, the subcutaneous injection of histamine evokes the maximal known 
stimulation of acid secretion from the gasti ic glands and constitutes, thei efore, 
a leal test of the ability of opeiative pioceduies to make the stomach achloi- 
hydiic It might reasonably be asked \\hether one should not legulaily expect 
evidence of actne secretion of hydiochloric acid aftei histamine as long as any 
noimal gastiic tissue lemamed, no matter what type of opeiative piocedure 
had been peifoimed Interestingly enough, however, as the data will indicate, 
the pioceduie and the amount of tissue lemoved have an important answei to 
give to this question 

Onc-lialf milligram of histamine In drochloride represents 03 mg of histamine base 
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The data are summarized briefly in tables coi i esponding in number to the 
groups listed above 

Table I 


PATIENTS HAVING GASTROJEJUNOSTOMY 


Name 

Hosp No 



Maxi- 

mum 

Free 

Maxi 

mum 

Total 

Volume 

of 

Secre 

Acid Output 

Acid 

Neu- 

Mo 

tilitj 

Emp 

Age — Diag 

Oper — 

Date of 

Fasting 

Free 

with 

Hista- 

with 

Hista- 

tion 

hr 

Mg M hr 

tralized 
% Acid 

tying 

Time 

Date 

(I) 

Analysis 

Acid 

mine 

mine 

(m Cc ) 

Free 

Total 

Loss 

— Ba 

Mrs L L* 
685777 

SP-DU 

G J —d/6/20 

10/24/3P 

0 

0 

32 

12 0 

0 

14 0 

P3 



(2) 

Mr H H 

6 p 02 P 0 

40— D U 

GJ— ip27 

1/23/40 

20 

8 

32 

18 0 

5 0 

21 0 

P 4 

195 nun 

( 3 ) 

Mr A S 

656876 

55— G U and D U 
G J — Ip 27 

3/18/40 

0 

84 

102 

p 0 

27 6 

32 2 


60 mm 

( 4 ) 

Mr EF 

6 I 7 P 77 

34—0 V 

GJ -8/28/33 

2/27/40 

32 

34 

S 4 

II 0 

13 6 

21 6 

PO 


(5) 

Mrs J R 

2/6/40 

14 

80 

96 

3 5 

10 3 

12 3 

P 4 

30 mm 

60607P 

62— DU 

G J —3/23/34 

4/17/40 

40 

57 

67 

4 7 

P 0 

10 0 



(6) 

Mr R Z 

2/32/40 

12 

S6 

74 

18 0 

36 8 

48 6 

P 3 

60 min 

674760 

60— DU 

G J — 4 /IP 34 









IS nun 

( 7 ) 

Mr V C 

1/22/34 

51 








624155 

1/27/34 

12 

50 

66 






67— D U 

II/IO/ 3 P 

+ 

0 

28 

P 0 

0 

18 4 

100 


G J —7/25/34 

2/8/40 

60 

37 5 

77 5 

4 6 

6 3 

13 5 

P8 


(8) 

Mrs A S 

P/ 8/34 

0 








630POP 

II/I 2 / 3 P 

0 

0 

28 

13 4 

0 

13 5 

88 

40 mm 

38— P u t 

2/2P/40 

0 

0 

36 

2 7 

0 

3 6 

7 P 



4/4/40 

0 

0 

20 

2 0 

0 

1 46 



GJ— 10/12/34 

4/27/40 

0 

of 

4 ot 

1 2 

0 




(P) 

Mr H M 

61785P 

31 — JU 

G J — 1/2/35 

I 1 / 7 / 3 P 

0 

50 

62 

14 3 

25 s 

3r 0 
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Table 

I {Conhnued) 





Name 

Hosp No 

Age — Diag 

Date of 
Analysis 

Fasting 

Free 

Acid 

Maxi- 

mum 

Free 

with 

Hista- 

mire 

Maxi- 

mum 

Total 

with 

Hista- 

mine 

Volume 

of 

Secre- 

tion 

Vi hr 
(in Cc ) 

Acid Output 
Mg Yt hr 

Acid 
Neu- 
trahzed 
% Acid 
Loss 

Mo- 
tility 
Emp- 
tying 
Time 
— Ba 

Oper — 

Date 

Free 

Total 

(lO) 

Mrs J F 

641350 

71— DU 

G J— IO/IS/ 3 S 

2/21/40 

13 5 

50 

60 

22 0 

40 0 

48 0 

86 

IIS niin 

(11) 

Mrs R S 

620111 

66— DU 

GJ— 10/18/35 

3/6/40 

0 

62 

72 

7 0 

15 6 

18 4 

87 

80 min 
( 95 %) 
empty 

(12) 

Mr F M 

645426 

69— GU 

G J —7/28/36 

2/21/40 

4/4/40 

4/17/40 

0 

0 

24 

0 

50 

34 * 

22 

62 

44 l 

9 8 

6 2 

13 ot 

0 

II 2 

16 2 

7 8 

IS 0 

21 0 

98 

60 min 

(13) 

Mrs C H 

1/15/36 

0 

62 

80 

13 0 

29 4 

37 8 



652147 

55 — GU 

GJ 9/30/36 

5/9/38 

2/6/40 

0 

50 

78 

98 

98 

no 

6 0 

14 0 

17 I 

50 2 

21 6 

S6 0 

69 

60 min 

(14) 

Mr W P 

655113 

42— DU 

G J— 1/11/37 

3/25/40 

62 

II6 

132 

17 0 

72 0 

82 0 


95 min 


(IS) 

Mr J J 

2/20/37 

0 

0 

12 






656061 

32 — D U 

G J —6/9/37 

2/26/40 

24 

46 

58 






(16) 

Mr F W 

2/29/40 

0 

0 

100 

0 5 

0 

I 8 

98 

95 min 

661275 

40— D U 

GJ— 6/1937 

4/9/40 

50 

72 

80 

30 0 

78 4 

87 4 



(17) 

Mr W P 

2/19/40 

IS 

32 

44 

5 0 

5 8 

8 0 


IS mm 

659592 

50— DU 

G J — 8/18/37 

4/26/40 

0 

so 

60 

28 0 

51 0 

61 0 



(18) 

Mr 0 V 

661145 

60— DU 

G J — 9/9/37 

2/19/40 

60 

82 

98 

26 0 

78 0 

93 2 




(19) 

Mr C M 

6/24/37 

20 








659895 

12/8/39 

0 

36 

68 

3 I 

3 8 

7 5 

97 

12 mm 

S6— G U 

G J —9/9/37 

2/8/40 

64 

40 

S6 

4 0 

5 8 

8 I 

93 

IS niin 
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Table I {^Conlinuei) 





Maxi- 

Maxi- 

Volume 




Mo- 

Name 



mum 

mum 

of 



Ac d 

tility 

Hosp No 



Free 

Total 

Secre- 

Acid Output 

Neu- 

Emp 

Age — Diag 

Oper — 

Date of 

Fasting 

Free 

uith 

Hista- 

With 
His a 

tion 
'A hr 

Mg 

H hr 

trahzed 
% Acid 

tying 

Time 



Date 

Analysis 

Acid 

m^ne 

mi*’e 

(in Cc ) 

Free 

Total 

Loss 

— Ba 

(20) 

Mr J K 

2/16/38 

0 

20 

30 

9 0 

6 5 

9 2 



666254 

S8— DU 

G J —3/3/38 

11/8/39 

12 

74 

92 

14 0 

37 6 

30 0 

89 


(21) 

Mr M B 

2/8/40 

48 

so 

68 

14 0 

25 5 

34 6 

92 

3 hr 30 

636231 









min 

ss— DU 









(6S% 

GJ —11/25/38 









empty) 

(22) 

Mr R M * 
637026 

39 -DU 

G J — 12/1938 

2/21/40 

0 

0 

16 

3 0 

0 

I 75 

96 

30 min 

(23) 

Mr L J 

672742 

30— D U 

G J — 12/28/38 

2/7/40 

68 

84 

94 

16 0 

49 0 

54 0 

86 

40 min 

(24) 

Mr A W 

S/12/36 

37 








648654 

1/29/38 

21 

7 t 

So 

17 0 

44 0 

49 5 



54 ~DU 

4/25/39 

0 

8 

18 






Perf sutured 

11/8/39 

38 

28 

44 

47 0 

47 0 

75 0 



7/28/37 

G J— I/ 3 I/ 3 P 

3/S/40 

18 

0 

18 

II 0 

0 

7 2 

100 

85 min 

(25) 

Mr 0 N 

5 / 8/38 

24 








668719 

6 / 22/39 

0 








73 -GU 

10/24/39 

0 

0 





94 


G J —7/13/39 

12/28/39 

0 

0 

55 

I 9 

0 

3 0 

97 

30 mm 


3/29/40 

0 

0 

22 

4 I 

0 

3 2 


80 min 


4/16/40 

0 

32 t 

4 ot 

7 z 

8 3 

10 4 



(26) 

Mr R E 

2/19/40 

0 

10 

IS 

12 0 

4 4 

7 9 

96 

I hr 

672523 

29— D U 

GJ —10/25/39 

4/15/40 

22 

lO* 

92* 

10 0 

27 0 

33 0 



(27^ 

Mr W W =!• 

10/31/39 

28 

86 

100 

67 0 

210 0 

248 0 

42 


686336 

11/20/39 

0 

0 

25 

to 6 

0 

9 2 

97 


51— GU 

11/22/39 

0 








GJ -11/6/39 

11/25/39 


0 

40 

67 0 

0 

97 0 



(28) 

Mr H E 

12/21/39 

64 

96 

no 

15 0 

52 0 

Or 0 

90 


688048 

1/20/40 

0 

25 

ss 

4 6 

4 7 

10 2 

83 


38 — D U 

1/22/40 

12 

38 

78 

7 0 

9 6 

20 0 

96 



G J — 12/21/3P 
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Name 
Hosp No 
Age — Diag 
Oper Date 

(29) 

Mrs D V 
686531 

SO— DU 

GJ— 12/22/39 


Table I {Continued) 





Maxi- 

MaM- 

Volume 



1 

0 




mum 

mum 

of 

Acid Output 

Acid 

tility 

Amount 



Free 

Total 

Secre- 

(Histamine) 

Neu- 

Emp- 

Resected 


Fasting 

with 

with 

tion 

Mg ¥2 hr 

tralized 

tying 

(in sq 

Date of 

Free 

Hista- 

Hista- 

¥2 hr 


% Acid 

Time 

cm ) 

Analysis 

Acid 

mine 

mine 

(in Cc ) 

Free Total 

Loss 

— Ba 


12/31/39 

20 

65 

73 

18 0 

42 

0 

48 0 

1/2/40 

0 







2/5/40 

0 

38 

62 

20 0 

27 

4 

45 0 

4/26/40 

16 

22t 

32 t 

18 0 

14 

4 

21 0 


* Not available for venfication rvith triple histamine 
•f Possibly luetic gastritis 

t Specimens taken 30 minutes after three successive injections of o 5 mg of histamine 
Abbreviations G U = gastnc ulcer 

D U = duodenal ulcer 
P U = pylonc ulcer 
G J = gastrojejunostomy 


RESULTS 


GROUP I — GASTROJEJUNOSTOMY 

It IS to be noted that the i eduction in gastnc acidity aftei gastiojejunos- 
tomy IS slight There aie a few patients who have been achloihydiic, at least 
on one occasion However, not a single patient with a well-authenticated 
lecoid of ulcer has been acbloihydiic aftei the administiation of i 5 mg of 
histamine m ti iple doses of o 5 mg given one-half horn apai t These findings 
confirm the statement of Holman and Sandusky, who found that achloihydiia 
was a laie occuiience after gastiojej unostomy for ulcer 

That a numbei of patients having gastiojej unostomy became free of 
symptoms is well known and suggests that the opeiation has some viitue 
The lapid loss of hydiochlonc acid fiom the stomach m the neutialization 
test and the decreased emptying time with baimm suggest that the value of 
gastiojej unostomy lies in the more lapid emptying of the stomach (Fig l) 


GROUP II — EXCISION OF ANTRUM AND PYLORUS 

There ai e six patients m this gi oup W ithoiit exception, all these patients 
had then opeiation for massive hemoirhage f 10111 duodenal ulcei In four 
instances, a pieliminaiy gastrojejunostomy was performed In all instances, 
sa\e the fiist, the interval between gastiojejunostoniy and excision of pyloius 
and anti uni was oiil) a few days to a few iieeks 01 months In the fiist 
patient 111 the gioup, the inteival between gastiojejunostoniy and excision of 
the pyloius and anti uni was more than 12 years In this patient, unfortu- 
nately, no studies of gastnc acidity weie made until several months aftei the 
Scliniilinslc}'- operation had been peifoiiiied foi gastiojejunal ulcer occuirmg 
aftei antial excision 

This patient has exhibited achloihjdiia occasionally after histamine As 
lecentl} as Septembei, 1939 almost foui yeais after the Schmilinsky opeia- 
tion he was still not achlorhydric on histamine stimulation After the adminis- 
tration of tuple doses of o 5 mg of histamine given at mteivals of half an 
houi, gastric analysis showed free hydrochloric acid to be present One other 
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Table II 

PATIENTS HAVING EXCISION OF ANTRUM AND PYLORUS* * * § 

Small Gaslrtc ResecUon 


All Complete Termtnolaleral Anastomoses — No Entero-anastomoses 






Maxi- 

Maxi- 

Volume 




Mo 





mum 

mum 

ot 

Acid Output 

Acid 

tility 

Name 

Amount 



Free 

Total 

Secre- 

(Histamine) 

Neu- 

Emp 

Hosp No 

Resected 


Fasting 

with 

with 

tion 

Mg 

Hhr 

tralized tying 

Age — Diag 

(m sq 

Date of 

Free 

Hista- 

Hista- 

Hhr 



% Acid Time 

Oper Date 

cm ) 

Analysis 

Acid 

mine 

mine 

(in Cc ) 

Free 

Total 

Loss 

— Ba 

(1) 











Mr F Ft 


s/39/34 

7 

8 

16 






627911 


4/19/35 

16 

70 

82 

67 0 

175 0 

198 0 



49 — DV 


12/31/36 

0 

0 

23 






G J — 1918 


9 / 5/39 

0 

9 

39 

12 0 

S 9 

26 0 



Ant Resect 


3/11/40 

0 

0 

30 

16 0 

0 

13 0 


160 min 

4/20/3S 











Schmilinsky 











1/8/36 











(2) 











Mr C M 


1/20/34 

0 

S3 

63 






623906 


11/11/36 

0 

0 

32 

20 0 

0 

23 2 



49— DU 


11/14/36 

13 

0 

20 

I 5 

0 

2 II 

100 


GJ— 11/14/38 


2/26/40 

0 

34 

52 

13 0 

IS 0 

25 0 

9S 

30 min 

Ant Resect 


4/4/40 

30 

68 

72 

31 

7 7 

8 1 



12/17/38 

138 










(3) 











Mr L Kt 


5/25/38 

30 








669044 


6/13/38 


80 

100 






24— DU 


4/18/39 

52 








GJ— 2/14/39 


S/8/39 

0 

38 

so 

9 0 

12 3 

16 4 



Ant Resect 


s/lS/39 

31 








2/21/39 











Schmilinsky 


6/28/39 

24 








with excision 


8/29/39 

0 

26 

40 

IS 0 

14 3 

22 0 



of a portion 











of fundus 











S/iS/39 

HO 










(4) 











Mr h W 


8/29/39 

24 

♦* 

71 






643715 


11/8/39 

0 

0 

60 

2 0 

0 

4 3 

58 


SO— D U II 


2/21/40 

0 

18 

36 

H 0 

7 24 

14 3 

79 

IS5 mm 

9/3/39 

130 

4/10/40 

0 

0 

24 

12 0 







4/22/40 

0 

I8§ 

65 § 

I 7 

I I 

4 0 



(S) 











Mr C B 


7/10/39 

27 








64266s 


11/14/39 

24 

56 

88 

3 7 

7 0 

II 8 

82 

40 mm 

41— DU 


2/15/40 

20 

S6 

64 

22 0 

43 0 

sr 0 

84 


G J —3/20/39 











Ant Resect 

143 










7/10/39 











(6) 











Mr 0 A 


6/28/39 

15 

82 

91 

12 0 





661081 


9/30/39 

0 

62 

78 

35 0 

79 0 

100 0 

72 

310 mm 

S6— DU 


11/7/39 

0 

40 

h6 

90 0 

135 0 

384 0 

18 

145 mm 

9/18/39 

II 7 

4/23/40 

66 

100 

122 

12 0 

43 8 

S3 0 




* All patients in this group were operated upon for massive hemorrhage from duodenal ulcers 

t Case 1 Table IV 

t Case 2 Table V 

§ Specimens taken 30 minutes after three successive injections of 0 s mg of histamine 

II This patient has also a stncture of the lower esophagus from ‘aad ulceration of the esophagus 

Operated upon as an emergencj for massive hemorrhage threatening life No preoperative deterraina 
tions of acid were made 
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Fig 1 — Decreased e\ acuation time of the stomach occurring after 
gastrojejunostomj , as indicated bj the ability of the stomach to “neutralize” 
acid The straight line of the normal curve is that preiiously employed by 
Elman (1929) 



Fig 2 — Gastric e\ acuation time as indicated bj acid neutralization after antral resection 
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Table III 


EXTENSIVE GASTRIC RESECTION INCLUDING EXCISION OE PYLORUS AND ANTRUM 






Maxi 

Maxi 

Volume 




Mo 





mum 

mum 

Oi 

Acid Output 

Acid 

tility 

Name 

Amount 



Free 

Total 

Secre 

(Histamine) 

Neu- 

Emp 

Hosp No 

Age — Diag 

Resected 
(in sq 

Date of 

Fasting 

Free 

with 

Hista 

uith 

Hista 

tion 
'A hr 

Mg 

hr 

tral ze J 
% Acid 

tying 

Time 



Oper Date 

cm ) 

Analysis 

And 

mine 

mine 

(in Cc ) 

Free 

Total 

Loss 

— Ba 

(I) 

Mr G T 


6/15/29 

26 








48237 


6/24/29 

26 








58— GU 

7 / 3/20 


11/9/39 

0 

0 

38 

11 0 

0 

15 0 

90 


(2) 

Mrs A IC 


4/10/40 

0 

0 

12 

3 2 

0 

1 4 



53 S 09 

63— G U 

4/21/30 











( 3 ) 

Mr A F 


r '25/32 

40 

7 '' 

93 

78 0 

219 0 

264 0 



604340 


3 '14/40 

0 

0 

22 

17 0 

0 

13 6 

I 5 > nnn 

42 — D U 

G J — rorO 

Reop G J — 1920 
2nd G J — 1930 
2/29/32 











( 4 ) 

Mr M S 


3/20/34 

41 

37 

51 






625719 


6/11/35 

44 

30 

54 

5 0 

5 44 

9 9 



44— G U 


10/24/39 

0 

0 

36 

22 0 

0 

28 9 

90 

45 mm 

and D U 


3/18/40 

0 

84 

102 

9 0 

27 0 

33 0 



6/ 1 8/35 


4/27/40 

0 

ot 

30t 

I 1 

0 





(S) 


Mr W R 


5/5/38 

20 

45 

52 

IS 0 

17 5 

35 p 



651309 


4/3/39 

0 

20 

24 

8 0 

5 8 

7 0 



49— GU 


s/23/39 

0 

0 

8 






3/24/39 

200 

6/6/39 

0 

0 

18 

8 0 

0 

5 2 

93 




to/is/39 

S 

0 

20 

5 0 

0 

2 9 

94 

10 mm 



2/20/40 

0 

0 

16 

3 0 

0 

I 75 

94 




4/11/40 

0 

I 5 t 

45 t 

2 5 

I 35 

4 I 



( 6 y 

Mr W S 


12/30/39 

26 

36 

63 

19 5 

26 0 

46 0 

54 


386233 


1/3/40 

0 

14 

32 

18 0 

92 

21 0 

100 


67— GU 


1/17/40 

0 

0 

20 

12 7 

0 

9 0 

96 


1/4/40 

178 

4/11/40 

0 

0 

37 5 

4 4 

0 

5 9 


5 mm 

( 7 ) 

Mr H P 


2/1/40 

0 

0 

14 






691274 


3/8/40 

0 

0 

32 

9 0 

0 

10 5 



53 -GU 

2/27/40 

295 

4/11/40 

0 

of 

32 t 

7 5 

0 

8 7 


9 mm 

( 8 ) 

Mrs E F 


3/23/40 

0 

0 

37 S 

0 IS 

0 

0 19 



693430 


4/8/40 

0 

of 

40 t 

0 5 

0 

0 7 


Unable 

57 -DU 


4/24/40 

0 

0 

40 

3 0 

0 

4 3 


to tol 

and G J U 










e r a t e 

G J — 20 > rs ago 










150 cc 

3 'i 3/40 

201 § 









Stom- 

ach 

empties 

imme 

diatel> 
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Table III {Conltnued) 


Name 

Hosp No 

Amount 
Resected 
(in sq 
cm ) 

Date of 
Analysis 

Fasting 

Free 

Acid 

Ma-u- 

mum 

Free 

with 

Hista- 

mine 

Maxi- 

mum 

Total 

with 

Hista- 

mine 

Volume 

of 

Secre- 

tion 

hr 

(in Cc ) 

Acid Output 
(Histamine) 
Mg ^ hr 

Acid 
Neu- 
tralized 
% Acid 
Loss 

Mo 
tility 
Emp- 
tying 
Time 
— Ba 

Age — Diag 

Oper Date 

Free 

Total 

( 9 ) 

Mr F V t 


4/1 1/40 

32 

72 

92 

33 0 

85 4 

III 0 



69446s 

68 G U 
4/12/40 

274 

4/22/40 

0 

0 

S8 

7 5 

0 

16 0 



(10) 

Mr M M 


4/14/40 

0 

94 

122 

132 0 

413 6 

539 0 



694565 

45 — prepylonc 


2 ^26/40 

0 

i6 

32 

IS 0 

8 7 

17 S 




ulcer 

4/18/40 310 


^ Cases 1234s and 6 had complete terminolateral anastomoses 
Cases 789 and 10 had partial inferior terminolateral anastomoses 
Cases 1 3 and 4 had no entero anastomosis All other cases had entero anastomoses 
t Specimens taken 30 minutes after three successive injections of o 5 mg of histamine 
t This patient had two lesions An ulcer on the lesser curvature and a small carcinoma in the pyloric region 
The lesions were definitely independent of one another 

§ Area determined after the specimen had been m the refrigerator for a few hours — this me_surement there 
fore does not take into account the contraction that occurred Patient operated upon as an emergency for acute 
massive hemorrhage from gastrojejunal ulcer — consequently no preoperative determinations of gastric acidity 


patient in tins gioup (Case 4) has been achlorhydiic, even to histamine 
stimulation Aftei thiee closes of o 5 mg of histamine given consecutively 
over half-houi inteivals, howevei, fiee hycliochloiic acid appealed in the gas- 
tric secietion None of the other patients 111 the gioup are achloihydiic to 
histamine, though Case 6 has been achloihydric, fasting It is appaient that 
lemoval of the aiituun and pyloius is an unsatisfactory operation to 1 educe gas- 
tiic acidity (Fig 2) The lapid emptying obseived aftei gastiojej unostomy 
was noted also m this gioup Two of these six patients (Cases i and 3) also 
developed gastiojejunal ulcer wdnch neithei patient had after gastiojej unos- 
tomy alone AAhth the exception of the patients w'ho developed gastrojejunal 
ulcei, the otheis aie well The iwo wdio developed gastiojejunal iilcei (Cases 
I and 3) will be discussed again unclei Gioup V 

GROUP III — EXTENSIVE GASTRIC RESECTION INCLUDING EXCISION OF ANTRUM 

AND PYLORUS 

Theie aie ten patients m this gioup The mattei of the size of the resection 
wall be discussed m a sepaiate section All patients m this gioup have been 
achloilncliic to histamine at tunes Howevei, none haie been consistent!} 
achloihydiic The lapse of time is appaiently a factoi m establishing achloi- 
Indiia (Cases 5 and 6) In the fiist four cases m the gioup, the first analysis 
of gastiic acidit} aftei opeiation made aftei the lapse of months or yeais 
demonstiated achlorh}diia legulaily We haie since learned that it is im- 
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Fig 3 — Gastric evacuation time as indicated by acid neutralization after 
extensne gastric resection (Cases in Group III) 



Fig 4 — ^Various types of operative procedures employed in the cases listed in the 
tables 

1 Gastrojejunostonij 

2 Antral resection 

3 Extensile gastric resection Some patients had entero-anastomosis — others did not 

4 Extensive gastric resection accompanied b> antral exclusion (Fmsterer) Some 
patients had entero anastomosis — others did not 

5 Schmilinskj procedure proiiding total mtragastric regurgitation 

6 Tubular resection iiith gastrojejunostomj leaving p>lorus and antrum intact 

7 Tubular resection without gastroiejunostom} leaving p>lorus and antrum intact 
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Ta^ble IV 

EXTENSIVE GASTRIC RESECTION LEAVING THE PYLORUS AND A SMALL SEGMENT 

or THE ANTRUM* 


Antral Exclusion Operation of Finsterer 






Maxi- 

Maxi- 

Volume 




Mo- 





mum 

mum 

of 

Acid Output 

Acid 

tihty 

Name 

Amount 



Free 

Total 

Secre- 

(Histamine) 

Neu- 

Emp- 

Hosp No 

Resected 


Fasting 

with 

with 

tion 

Mg 

Vi hr 

trahzed 

tying 

Age — Diag 

(in sq 

Date of 

Free 

Hista- 

Hista- 

hr 



% Acid 

Time 

Oper Date 

cm ) 

Analysis 

Acid 

mine 

mine 

(in Cc ) 

Free 

Total 

Loss 

— Ba 

(1) 











Mr P M 


4/20/37 

14 








658072 


6/6/39 

0 

0 

18 

10 0 

0 

6 5 

98 

10 mm 

38— DU 


2/14/40 

0 

0 

16 

3 5 

0 

2 I 

97 


G J —S/1933 











S/13/37 











(2) 











Mrs M B 


10/14/39 

54 








686389 


2/18/40 

42 








36— GU 


3/7/40 

0 

0 

44 

4 3 

0 

6 9 


30 min 

a/26/40 

225 

4/16/40 

0 

30 t 

40 t 

II 0 

12 0 

16 0 



( 3 ) 











Mr J E 


3/2/40 

50 

64 

84 

55 0 

138 0 

168 0 



684691 


3/19/40 

0 

26 

32 

30 0 

28 0 

28 6 



38— D U 


4/9/40 

8 

0 

20 

II 0 

0 

8 0 


120 mm 

3/8/40 

258 










( 4 ) 











Mr E H 


2/27/40 

0 

0 

28 

2 6 

0 

2 6 

80 


685488 


3/27/40 

90 

122 

128 

30 0 

124 0 

140 0 



40— D U 


4/15/40 

12 

38 

58 

19 0 

26 0 

40 2 


60 mm 

4/3/40 

301 

4/22/40 

0 

56 

144 

2 6 

5 3 

13 6 



(S) 











Mr C S 


4/2/40 

36 

86 

94 

12 0 

37 5 

41 0 



694074 


4/20/40 

0 

0 

24 

II 0 

0 

9 6 


35 imn 

24 — D U 


4/22/40 

0 

17 5 

42 5 

5 0 

3 0 

7 8 



4/1 1/40 

244 










(6) 











Mr T B 


3/29/40 

14 








694134 


3/30/40 

8 








40— D U 


3/31/40 

44 








4/1 S/40 

224 

4/11/40 

93 









4/15/40 

106 




4/22/40 

40 

70 

100 18 0 46 0 

6z 0 

4/26/40 

36 

72 

94 51 0 133 0 

174 0 


* Complete terminolateral anastomoses in Cases i and 2 Partial inferior terminolateral in the others 
Entero anastomoses in all but Case i 

t Specimens taken 30 minutes after three successive injections of o 5 mg of histamine 


poitant to make observations beginning earl} in the recovery period to deter- 
mine when achloihydiia supervenes Now, save with employment of triple 
o 5 mg doses of histamine, all but the last patient in the series (Case lo) is 
achloihydiic to the usual 05 mg dose of histamine 

The empt}ing of the stomach in this group, m all instances m which the 
examination has been made, is vei) lapid (Fig 3) All patients 111 the group 
are s} mptomatically uell There have been no gastrojejunal ulcers 
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GROUP IV — EXTENSIVE GASTRIC EXCISION WITH EXCLUSION OF THE PYLORUS 
AND ANTRUM (fINSTERER OPERATION) 

Thib type of operation is indicated particularly in duodenal ulcer com- 
plicated by choledochoduodenal fistula, or when theie is considerable edema- 
tous induiation of the duodenum, pylorus and antrum The admonition, of 
Fmsterer, to leave only a poition of the antiiim, lest the acid secieting cells 

Table V 


PATIENTS HAVING THE SCHMILINSKY OPERATION TOR GASTRO-JEJUNAL ULCER 

[Provision for Complete Inlragaslnc Regurgitation) 






Maxi- 

Maxi- 

Volume 




Mo- 





mum 

mum 

of 

Acid Output 

Acid 

tility 

Name 

Amount 



Free 

Total 

Secre 

(Histamine) 

Neu 

Emp 

Hosp No 

Age — Diag 

Resected 
(in sq 

Date of 

Fasting 

Free 

with 

Hista- 

with 

Hista- 

tion 

hr 

Mg 

hr 

tralizei 
■ % Acid 

tying 

Time 



Oper Date 

cm ) 

Analysis 

Acid 

mine 

mine 

(in Cc ) 

Free 

Total 

Loss 

— Ba 

(I) 

Mr F F 


S/29/34 

7 

8 

16 






O27911 


4/19/35 

16 

70 

82 

67 

175 0 

198 0 



40— D U 


12/31/36 

0 

0 

23 






G J — 1918 


o/S/39 

0 

9 

39 

12 

5 0 

26 0 



Ant Resect 
4 / 20/35 
Schmihnsky 
1/8/36 


3/1 1/40 

0 

0 

30 

16 

0 

13 0 


160 min 

(2) 

Mr L K* 


5/25/38 

30 








669044 


6/13/38 


80 

100 






24— DU 


4/18/39 

S 2 








GJ —2/14/39 


5 / 8/39 

0 

38 

SO 

9 

12 3 

16 4 



Ant Resect 


S/lS /39 

31 








2/21/39 











Schmihnsky 

no 

6/28/39 

24 








with excision 
of a portion of 
fundus 


8/29/39 

0 

26 

40 

15 

14 3 

22 0 



S/15/39 











( 3 ) 

Mr A S t 


9 / 5/35 

69 








641802 


4/7/39 

27 








35 — DU 


4/14/39 

__ 89 








GJ 1/1938 


4/Z4/39 

16 

22 

40 

25 

20 0 

36 5 



Excision of gas 

214 

S/24/39 

32 








trojejunal ul- 


6/22/39 

0 

SO 

60 

6 

12 2 

13 0 



cer and exclu 


7/IS/30 

0 

42 

94 

II 

16 8 

37 6 



Sion of greater 
curvature 


0 / 28/39 

5 

0 

21 

52 

0 

39 9 



4/14/39 

Schmihnsky 

125 










w ith excision 
of a portion of 
fundus and 

antrum 

8/14/39 











* Died at home suddenly 

9/16/39 

four months after the Schmihnsky operation of perforation of a new 


ncute gastrojejunal ulcer in the new stoma Autopsy courtesy Dr B O Mork Jr Worthington Minn 

t Died in hospital 10/8/39 52 days after the performance of Schmihnsky operation of uncontrollable gastric 
hemorrhage A large shallow autolytic ulcer of the stomach was found — gastrDje;unal ulcer healed 
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of the corpus be allowed to remain behind distal to the site of section and in- 
version of the stomach, has been obseived The upper site of section remains 
the same as for the ordinal y extensive gastric lesection desciibed m Group III 
Though theie are only six patients m the entiie gioup, the last four have 
been operated upon since April i, 1940 After the findings m Group VI had 
been reviewed (tubular excision of corpus and fundus with gastrojejunostomy 
— leaving the antrum intact), it became appaient that the peifoimance of a 
few Fmsterer antial exclusion operations accompanied by extensive lesection 
of the acid secreting aiea, foi duodenal ulcei piesenting satisfactory indications 
for operation, would shed additional enlightenment upon the validity of the 
Edkms’ hypothesis 111 man As remarked above, undei the discussion m 
Group III, the time element plays an impoitant lole m making patients achlor- 
hydiic aftei histamine The first two patients opeiated upon 111 this gioup 
are achloihydiic to single doses of histamine The antial exclusion opeiation 
IS illustrated, together with the other opeiative procedures, m Figuie 4 

GROUP V THE SCHMILINSKY OPERATION (PROVISION FOR COMPLETE INTRA- 

GASTRIC REGURGITATION FOR GASTROJEJUNAL ULCER DEVELOPING AFTER 

ANTRAL excision) 

Three patients have been opeiated upon according to this plan of opera- 
tion The first patient in the group, operated upon now moi e than foui yeai s 
ago, has done fairly well It is to be noted that his emptying time with baiium 
IS still extraoidmaiily slow and he has not been consistently achloihydnc to 
histamine Symptomatically, he does quite well He has been referied to 
already as Case i m Gioup II 

The expeiience with the othei two patients m this gioup suggests that the 
opeiation shold nevei be peifoimed Neithei patient became achloihydnc, 
and in both instances the termination was disastrous In Case 2, peifoiation 
of an acute gastrojejunal ulcei in the new efferent Ioojd caused death m a few 
hours — the peiforation occurimg four months after performance of the 
Schmilinsky operation The old gastiojejunal ulcei healed (ref footnote. 
Table V) The othei patient developed a large, shallow gastiic ulcer which 
involved a good portion of the lesidual stomach, and died of uncontrollable 
gastric hemorrhage, 52 days aftei peifoimance of the Schmilinsky operation 
The old gastrojejunal ulcer healed The effect of this opeiative pioceduie 
upon the gastiic secretoiy mechanism will be discussed again below undei the 
heading of ‘Tnti agastric Reguigitation ” 

GROUP VI — TUBULAR EXCISION OF CORPUS AND FUNDUS WITH GASTROJEJUNOS- 
TOMY (leaving the antrum and pylorus intact) 

This operation, in principle, is the same as that of the Connell fundusect- 
omy, save that a much largei aiea of the acid secreting area is excised and 
with the addition of provision for partial inti agastric regurgitation of duo- 
denal content by a coincident gastiojejunostomy Theie aie five patients in 
this group All had duodenal ulcer, and two of the gi oup had both duodenal 
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and gastric ulcer (Cases 3 and 4) All are now achloihydnc to histamine* 
Several are achlorh3'^di ic to triple doses of histamine given subcutaneously It 
IS to be noted, again, that in two patients in this group (Cases 2 and 5) the 
lapse of time played an impoitant factoi in establishing achlorhydria to hista- 
mine stimulation It should be noted fuithei that the emptying time in this 
group of patients was not as rapid as in the patients having extensive gastric 
resection aftei the Billioth II pattern of operation with terminolatei al anasto- 



wi+h anastomosis 

Tig 5 — Gastric e\acuation time after tubular resection rvith gastrojcjunostom>, 
as indicated bj the acid neutralization test 

mosis With the jejunum No entero-anastomoses were made m this gioup 
The amount of gastric tissue excised, paialleled closely that removed m the 
extensive gastric lesections of Groups III and IV All are symptomatically 
well Roentgenologic examination fails to disclose any evidence of active 
ulcers In no instance was the ulcer removed Roentgenogiaphically, dis- 
tortion of the duodenal cap as a result of scarring is still present 

GROUP VII — TUBULAR EXCISION OP CORPUS AND FUNDUS WITHOUT GASTRO- 
JEJUNOSTOMY (leaving the ANTRUM AND PYLORUS INTACt) 

Onty three patients have been opeiated upon b}"^ this plan All three weie 
young men with chronic duodenal ulcer causing severe pain and great dis- 
ability Massive hemorrhage had not occurred m any of the three cases None 
have been achlorhydric, consistently, fasting or after histamine, though one 
patient was found to be achlorhydric on one occasion to histamine after opera- 
tion Significantly, the largest excisions of gastric tissue in the series have 
been m this group, but without producing achlorhydria The emptying time 
m all three patients of this gioup is lapid All are symptomatically well 

* Case 5 was not achlorhjdnc at tlie time of the most recent examination 
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Table VI 

PATIENTS HAVING TUBULAR EXCISION OE CORPUS AND FUNDUS WITH GASTROJEJUNOSTOMY 


Leaving the Antrum and Pylorus Intact — No Eniero-anastonwsis 






Maxi- 

Maxi- 

Volume 



Mo- 





mum 

mum 

of 

Acid Output 

Acid 

tihty 

Name 

Amount 



Free 

Total 

Secre- 

(Histamine) 

Neu- 

Emp- 

Hosp No 

Resected 


Fasting 

with 

with 

tion 

Mg 3 ^ hr 

trahze 

tying 

Age — Diag 

(in sq 

Date of 

Free 

Hista- 

Hista- 

hr 


% Acid 

Time 

Oper Date 

cm ) 

Analysis 

Acid 

mine 

mine 

(in Cc ) 

Free Total 

Loss 

— Ba 

(I) 










Mr I M 


3/2/39 

12 







677903 


3/12/39 

12 






190 min 

63— DU 










3/24/39 

180 

3/23/39 

22 









3/24/39 

28 









4/3/39 

0 

10 

22 

7 0 

2 5 5 6 





5/ 18/39 

0 

20 

30 







8/17/39 


16 

2 S 







2/13/40 

0 

0 

32 5 

4 7 

0 SO 





4/18/40 

0 

0 

17 






(2) 

Mr R S 


4/18/39 

33 

62 

74 

18 0 

22 0 

49 0 


658862 


4/29/39 

0 

15 

30 

10 0 

5 4 

10 9 


31— DU 


8/29/39 

0 

0 

14 

15 0 

0 

7 7 


4/19/39 

263 

11/14/39 

0 

0 

48 

3 0 

0 

5 0 




2/6/40 

0 

0 

48 

3 I 

0 

5 3 


(3) 

Mr J F 


I 1/4/3 7 

0 

36 

40 





663579 


3/28/39 

0 

30 

42 





43-GU 


5^1/39 

0 

0 

24 

5 0 

0 

4 4 

30 mm 

4/20/39 

244 

2/20/40 

0 

0 

30 

2 0 

0 

2 18 

40 min 



3/8/40 

0 





96 



4/16/40 

0 


8* 

3 8 

0 

I 0 


(4) 

Mr H M 


5/10/39 

35 

54 

68 

24 0 

47 

60 0 


672813 

67— G U t 

*• 

S/17/39 

0 

0 

14 

6 0 

0 

3 0 


and D U 
S/ii/39 

262 









(5) 

Mr W G 


9/5/39 

41 







677176 


9/14/39 

0 

108 

II6 

II 0 

42 

46 0 


61— DU 


9/29/39 

24 

30 

60 

18 0 

19 8 

39 4 86 

9/19/39 

245 

io/s /39 

22 

42 

64 

16 3 

25 

38 0 32 



3/1 1/40 

0 

0 

30 

5 5 

0 

6 0 

70 min 



4/24/40 

60 

76* 

116’'' 

2 6 

7 2 

10 9 



* Specimens taken 30 minutes after three successive injections of o 5 mg of histamine 
t Gastric ulcer at the esophagogastnc juncture on the lesser curvature — benign on biopsy 


In Case i of this gioup, the left vagus neive was cut beside the subdia- 
phiagmatic esophagus In Case 2, both the vagi uere divided below the dia- 
phragm but without an> special effect upon gastiic secietion 

In young pei sons, in their twenties, who have chronic duodenal ulcer and 
piesent good indications foi opeiation, without a history of massive hemor- 
rhage, this opeiation has its best indication Until it is demonstrated definitely 
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Table VII 

PATIENTS HAVING TUBULAR EXCISION OF CORPUS AND FUNDUS WITHOUT ANASTOMOSIS 


Leaving, the Antrum and Pylorus Intact 






Maxi- 

Maxi- 

Volume 




Mo 





mum 

mum 

ot 

Acid Output 

Acid 

tility 

Name 

Amount 



Free 

Total 

Secre 

(Histamine) 

Neu 

Emp 

Hosp No 

Age — Diag 

Resected 
(in sq 

Date of 

Fasting 

Free 

With 

Hista 

with 

Hista 

tion 

Vi hr 

Mg 

34 hr 

trahze 
• % Acid 

tying 

Time 



Oper Date 

cm ) 

Analysis 

Acid 

mine 

mine 

(in Cc ) 

Free 

Total 

Loss 

— Ba 

(I) 

Mr F W 


12/27/37 

63 








664758 


3/3/39 
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82 
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0 

20 
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— 
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86 
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25 0 
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89 
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0 

60 

90 

17 0 
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92 
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34 

76 

94 
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42 


688933 
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0 

10 

28 

25 0 

4 5 

2 S 

78 
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3/S/40 

26 

34 

52 

19 0 

23 S 

36 

62 

6 min 

1/18/40 

299 

4/23/40 

7 S 

60 

100 

9 S 

20 8 

34 6 


25 min 

( 3 ) 

Mr W G 


2/6/40 

64 

74 

88 

26 0 

68 0 

83 

77 


691263 


2/26/40 

0 

30 

74 

24 0 

26 0 

64 


70 mm 

29— DU 
2/23/40 

3 S 9 

4/9/40 

0 

0 

24 

4 5 

0 

4 




that extensive gastric lesectioii peifoimeci accoiding to the Billroth II method 
will insure achlorhydna with regularity, undei all cii cumstances, an operative 
piocedure of this kind will have its place 

Comment — A few facts in this study stand out piominentlv 

(1) Extensive gastric lesection pei sc does not produce achlorhydria to 
maximal stimulation (histamine), even when combined with bilateial sub- 
diaphragmatic vagotomy (Group VII) 

(2) Extensive gastiic resection, when combined with gastrojejunostomy 
providing opportunity for paitial mtragastric leguigitation of duodenal con- 
tent, will produce achlorhydna to maximal stimulation (histamine) usually 
The lapse of time is an important factor in the development of such achlor- 
hydria 

(3) Excision of the antium and pyloius (the small or paitial gastric re- 
section) fails to make the residual gastric segment achlorhydric to maximal 
stimulation 

(4) Allowing the antium and pylorus to remain, as is indicated particu- 
laily by the cases m Group VI, does not militate against securing an achlor- 
hydric stomach to maximal (histamine) stimulation, granted that an extensive 
gastric lesection of the acid secreting area is pei formed The cases in Group 
IV wall, wnth the lapse of more time, shed additional light upon this important 
issue 

(5) Gastrojejunostomy is not accompanied by achlorhydria to maximal 
stimulation 
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(6) The emptying time is deci eased consideiably m (a) All anastomotic 
operations upon the stomach, Gioups I, II, HI and IV , (b) aftei extensive 
lesection of the stomach without anastomosis (Gioup VII) When the mtra- 
gastiic leguigitation of the duodenal content is complete, as it is in Gioup V, 
the emptying time is piolonged (barium evacuation time) 

The Sjae of the Gash ic Resection — The size of the gastric segment ex- 
cised has been measured caiefully in all patients submitted to opeiation duiing 
the past year Aftei excision, the suigical pathologisE*^ tacks the opened 
specimen on a boai d under a very slight sti etch, which fails to sti aighten out 
the rugae of the mucosa and detei mines the squaie area, m centimeters, of the 
excised specimen This measuiement, to be certain, is consideiably less than 
the true area of gastiic mucosa removed, into which reckoning account must 
be taken of the aiea of the multiple gastiic lugae 

In the antial excision series (Gioup II), the area of the excised gastiic 
tissue vaiied between no and 143 sq cm , measured as desciibed above — the 
aveiage foi the group was 124 sq cm In Group III, in those instances m 
which the aiea of the excised tissue was determined, this measuiement vaiied 
between 178 and 295 sq cm , the aveiage being 243 sq cm Foi Group IV, 
the aiea of the excised gastric tissue vaiied between 224 and 301 sq cm , the 
average being 250 sq cm In Group VI, the amount of excised tissue averaged 
283 sq cm In the successive cases in the gioup, the lespective aieas of the 
excised gastiic tissue measured 180, 263, 244, 262 and 244 sq cm In the 
three cases 111 Gioup VII, the excised gastiic tissue vaiied between 270 and 
359 sq cm — averaging 309 sq cm 

A survey of the data in these gioups suggests that excision of 200 sq cm , 
or moie, of tissue, fiom the coipoiic and fundic zones of the stomach of aveiage 
size, when combined with gastrojejunostomy, after a lapse of time of thiee to 
six months aftei peiformance of the operation, usually results m an achlor- 
hydric residual gastric pouch to histamine (05 mg ) Some remain achlor- 
hydiic aftei the triple dose desciibed above By dividing the gastiic tissue, 
undei scrutiny, into squares and tiiangles, as illustrated in Figure 6, the sui- 
geon may readily detei mine, in an appioximate manner, the extent of the aiea 
to be removed The senioi authoi, who has pei formed the gastiic lesections 
reported heie on man. has found that by employing the scheme depicted m 
Figure 6, he may excise the desiied amount of gastric tissue within a margin 
of enor usually not exceeding 5 to 10 pei cent The errois of measurement, 
with the stomach in situ, but de^asculallzed foi lesection and anastomosis, are 
usually those of undei estimation — that is, the excised specimen, when opened 
up and tacked down as described abo\e. exhibits an area exceeding that de- 
tei mined at opeiation by to to 20 sq cm 

In deciding upon the necessar} extent of the excision, the surgeon must 
of couise, be guided by the relatue size of the stomach When the stomach is 
large and dilated, it is necessar) to lemove a correspondingly larger segment 

* The writers gratefullj acknowledge the helpful interest of Doctor Hebbel, In- 
structor in Patholog\, 111 man 4 new phases of the problem 
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than 200 sq cm — which measuiement may be suggested as the immmal 
amount to be removed, to secure achlorhydria m the stomach of aveiage size 
The senior authoi has the impression that duodenal ulcers are more likely lO 
have large stomachs than gastiic ulceis (excluding, of couise, the p3doric 
ulcei ) An ulcer on the lessei cuivature causes shoitenmg, fiequently with 
a lesultant smallei stomach Duodenal ulcer, on the contiaiy, is moie likely 
to be attended by obstiuction and gastric enlaigement 



Tic 6 — Proposed scheme for determining the surface area of the stomach at operation It ma> 
be done as indicated in 6 A or 6 B, or by some \ariant thereof 

In ordei to procure achloihydna with a high degree of legulanty, it is 
necessary to sacrifice 66 to 8o per cent of the gastric tissue In the literature, 
one hears much of small (partial) and extensive (subtotal) resections Fin- 
sterer (1923), who has been an aident advocate of extensive excision, has 
insisted the line of division of the stomach should be vertical to the axis of 
the body We have enlarged Fmsteier’s illustiation of the proposed segment 
for removal three times, employing small cardboard plaques cut to pattern 
and have weighed these out on a fine balance scale Figure 7 indicates the per 
cent of the total gastric tissue lemoved by Fmsterer’s plan (52 per cent) and 
confirms the impression, that in allowing so great a length of the greater 
curvature to remain, it is not likely that the surgeon can excise two-thirds to 
three-fourths of the stomach In the diagiam, indicating the manner in which 
the gastric tissue is triangulated and squared-off for excision, is illustrated 
also the usual extent of the excision as well as the usual size of the residual 
segment This type of resection, when accompanied by gastrojejunostomy, is, 
m the course of a few months, likely to be accompanied by achlorhydria even 
to histamine stimulation We have no case with total anacidity In Case 5 
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in Group III, at least 95 pei cent of the stomach was lemoved, the lesion being 
at the esophagogasti 1C juncture on the lessei cuivatuie The lesion which 
was believed to be caicmoma pioved to be benign Unfoitunately only one 
pieopeiative gastiic analysis was made 

The Role of the Stoma in the Pioduction of Achloihydna — From inspec- 
tion of the tables it is appaient that extensive gastiic lesection pei se cannot 
pioduce achloihydna. noi can gastiojejunostomy alone A numbei of yeais 
ago, Haivey (1907) examined the gastiic mucous membiane in the vicinity 
of gastro-enterostomy stomata in dogs, some months aftei peifoimance of 
the operation He obseived disappeaiance of paiietal cells f 10111 the gastric 
tubules — cells lesponsible foi the secietion of hydrochloric acid Since gas- 



troscopy has come into quite genei al use, atrophy and edema of the mucous 
membrane are not uncommon endoscopic obseivations upon the operated 
stomach Of the piesent seiies, the laigei numbei have been subjected to 
gastioscopic examination Those findings, however, must await further 
analysis 

Inasmuch as the time factoi appears to be an important item m the estab- 
lishment of achlorhydria following extensive gastiic lesection and gastio- 
jejunostomy, It IS not unlikely that regurgitated duodenal contents impaii 
the capacity of the paiietal cells to seciete hydrochloric acid 

The relatively high total acidities, exhibited by some cases m Tables III 
and VI, free hydrochloric acid being absent, suggest that hydiochlonc acid is 
either being secieted at a slower late (most likely) 01 that with the establish- 
ment of the gastrojejunal stoma, more mucus is, thiough one agency or 
anothei (gastric, biliary, duodenal and jejunal), made available to combine 
ivith the free acid It is not unlikely, when ulcei occuis spontaneously m 
man 01 is produced experimentally m the cat by mtiagastiic instillation of 
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acid or the subcutaneous implantation of histamine (see below), that the rapid 
flow of hydiochloric acid (or secretion as a result of histamine stimulation) 
ovei the gastric mucosa washes mucus, the normal buffei for acid, away 
When the rate of secietion of hydiochloiic acid is slowed up by extensive 
gastnc resection and gastiojej unostomy, enough mucus becomes available 
to neutralize hydrochloric acid as it is secieted by the gastric glands 

The mechanism by which achloi Itydi la occuis following excision of gastnc 
tissue and the establishment of gastiojejunostoniy, it must be said, is not 
wholly deal It is not unlikely that it may be found to be a pioblem in 
colloid adsorption chemistry The mannei of adsoiption of acid by protein 
(mucus) m the presence of bile and pancreatic juice on gastnc and jejunal 
mucosal surfaces may have to be studied to solve the problem 

With the cooperation of Di Wallace D Armstrong, associate piofessoi 
of physiological chemisti}'’, at the Univeisity of Minnesota, we lecently under- 
took venfication of the values titiated as total acid as being largely hydio- 
chloric acid combined with piotem, in patients and dogs m whose gastric 
contents, aftei extensive gastnc resection and gastrojejunostomy no free 
hydrochloric acid was found Much to oui sui prise, we found considerably 
less acid m these gastnc contents than oui titiation figuies for total acidity (in 
the absence of free HCl) had suggested In explanation of this occuirence. 
Doctor Armstiong says “The combined acid of gastnc juice as determined 
by the difference between the lesults of analysis foi fiee acid and total acid 
has usually been consideied to repiesent, in gieatest part, hydiochloric acid 
combined with piotem It appears very piobable that the combined acid 
should not be interpreted to indicate only hj'^drochloric acid combined with 
protein, but also, in addition, the base combining ability of the protein Pro- 
teins, on the alkaline side of their isoelectnc point, possess the ability to act as 
an acid and so combine with base In genei al, the base combining powei of a 
protein increases as the pn of the medium is laised above the isoelectnc point 
of the protein Since the end-pomt of the titiation of total acid has aibitiarily 
been fixed at the p-^ lecjuired to coloi phenolphthalem (/)jj 8 3), it seems cer- 
tain that a good deal of the alkali used in the titiation of total acid is really 
used m the neutralization of the base combining gioups of the protein of the 
fluid Thus, the detei mined value for combined acid repiesents the alkali re- 
quired to neutralize the hj^drochloi ic acid combined with proteins plus that 
needed to neutralize the buffering ability of the piotem The relative propor- 
tions of the two will be expected to vaiy with cii cumstances depending upon 
the total hydrochloric acid and protein contents of the fluid ” 

In this connection, it may not be amiss to discuss briefly the commonly 
expressed belief that a gastnc ulcei becomes achlorhydric more readily after 
the same type of operative procedure than does duodenal ulcei (Perman, 
1935, and Walters, 1937) It is known also that patients with duodenal 
ulcer tend, in the main, to have higher acid values than gastnc ulcer This 
may m part be a mattei of the size of the stomach as suggested above How- 
ever, a gastric ulcei m its typical location, on the mid lesser curvature, with 
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the fiequent attendant mduiative edema, ladiating several centimeters in each 
direction into the acid secieting aiea of the stomach, is likely to injure some- 
what the capacity of the stomach to secrete hydiochlonc acid 

The Amount of Intiagastuc Regm gifation — In this connection, the 
Schmilmsky opeiation aftoids an oppoitunity to evaluate the effect of total 
mtragastnc regiiigitation of the duodenal content Up until now, the bene- 
ficial effects of mtragastnc regui gitation accompanying anastomotic types 
of opeiation, such as gastiojej unostomy, have been attiibuted to neutraliza- 
tion and dilution of the acid secietions of the stomach From the few expeii- 
ences leported heie wnth the Schmilmsky pioceduie, it is appaient that it is 
a highly undesirable type of opeiation In this connection, it is to be 
lemembered that INIcCann repoited, m 1929, the development of ulceis at 
the new gastric outlet 111 80 per cent of a senes of 26 dogs, when the total 
duodenal secretions w^ere drained back into tbe gastiic fundus Ivy and 
Fauley (1931), Weiss, Giaves and Guriiaian (1932), and Graves (1935) 
lepeated the McCann expeinnent, diaining the duodenal secretions back, how- 
evei , into the gastric anti um instead of into the fundus as McCann did Except 
foi 1 \} and Faille}, wdio noted the occurience of gastiojejunal ulcers twice 
at the new gastiic outlet, no ulceis w^ere obtained by tbe otbei observeis 
Maier and Giossman (1937) lepeated the McCann experiment very much in 
the mannei that jMcCann peifoimed it initially, but only two dogs out of 12 
developed gastrojejunal ulceis \\''e, too, have eight dogs wuth the McCann 
application of the Schmilmsky proceduie, m foui animals the duodenal 
content w^as diained back into the fundus, and m the remaining four into the 
antrum All appear w^ell Four (twm of each) have been reexplored after 
the lapse of at least foui months’ time in each instance, but no ulcers have 
been obseived Still oui meagei but unfoitunate experience wnth the 
Schmilmsky procedure confirms McCann’s obseivations and stamps total 
mtragastnc regurgitation of the duodenal contents as undesnable An addi- 
tional dog has been kept undei obseivation in the experimental laboratory 
for more than a year, wnth the Schmilmsky operation perfoimed as illus- 
trated in Figuie 4 (Group V) The pyloius and antium have been removed 
and the dog is not achlorhydiic despite total mtragastnc regurgitation of the 
duodenal content (ref Table VIII) 

What may be tbe explanation of this unusual behavior^ To the senior 
author, only one explanation appeal s plausible, namely, provision for complete 
mti agastric 1 egurgitation protracts, interminably, the second phase (gastric) 
of gastiic secretion and probably intensifies the intestinal phase as well 
That IS, the acid secreting cells m the residual gastiic pouch are constantly 
stimulated In time, with the lapse of years, as m Case i in Groups II 
and V , a 1 elative achlorhydi la may occur, ultimately, granted that the sequelae 
of gastric autolysis or perfoiation of a new^ gastrojejunal ulcei does not occur- 
m the meanwhile 

The Size of the Stoma and the Question of Entei o-anastomosis The 

ideal length of the gastrojejunal stoma is not known In the earlier group 
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of cases, operated upon after the Billroth II plan of operation, a complete 
terminolateral (Polya) anastomosis was made Latterly, an incomplete (in- 
ferior) termmolateral (Hofmeistei ) anastomosis 5 cm m length has been 
made In a number of these an entei o-anastomosis has been made also The 
results of the Schmilinsky procedure suggest, quite definitely, that complete 
mtragastnc regurgitation is an undesirable feature In the mam, the large 
stomata (complete termmolateral anastomosis) empty unusually rapidh 
(“dumping stomachs”) Whether there is more or less mtragastnc legurgi- 
tation with a large or small stoma is difficult to ascertain definitely 

Table VIII 

GASTRIC ACIDITY IN DOG’S STOMACH AFTER ESTABLISHMENT OF COMPLETE INTRAGASTRIC 
REGURGITATION OF DUODENAL CONTENT INTO THE FUNDUS 

Schmthnsky Operation 

Dog No 3 — Blackie ' 

Procedures and Dates 
Antral resection 3/20/39 
Duodenogastrostomy 5/17/39 
(Schmilinsky) 


Dates 

of 

Analysis 

4/1 1/39 
4/12/39 
4/13/39 

4/2_4_/39_ 

2/14/40 

2/1S/40 

4/23/40 

EOOt 


Lowest values for neutralization 
Highest values for neutralization 
Average values for neutralization 


Dr George S Bergh, of this department, and Drs Curtis Nessa and 
Solveig Bergh, of the Department of Roentgenolog}^ have studied mtragastnc 
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113 4 

138 0 


104 


17 6 

76 0 


48 


12 2 

24 4 


58 


17 45 

12 8 

86 

62 

so 

31 S 

60 4 

57 

46 

40 

5 6 

18 6 

64 

44 

10 

26 8 

32 3 



\ olume 112 
dumber 4 


PRE- AND POSTOPERATIVE GASTRIC ACIDITY 

1 effui gitation occun mg thi ough gastrojejunostomy stomata by injecting bai mm 
and phenolsulphonphthalein in small amounts thiougb a duodenal tube, the 
tip of which hes well into the duodenum The amounts of mtiagastiic 
zegurgitation aie vaiiable In the mam, i egui gitation to the extent of 33 
pel cent is common m the supine position— a figure which is consideiably 

laigei than when the patient stands elect 

In the antral excisions (Gioup II-six cases) a complete teiminolateial 
anastomosis was made m all instances, achloihjdiia to histamine (maxima ) 
stimulation m this group nas lare In the extensne lesections (Gioup Hi— 
ten cases) a complete tennmolateial anastomosis was made m six patients 
and an entero-anastomosis was made also six times m fotii of the patients 
with incomplete tennmolateial anastomosis and m tno of the otheis In the 
antral exclusions (Gioup IV— six cases) complete tei mmolateral anastomosis 
was made only twice and an entei o-anastomosis was made m five instances 
In the tubular resections (Gioup VI— five cases) no entei o-anastomoses weie 

made 

It is difficult to diaw^ any peitment conclusions fiom the gastric acidities 
exhibited by these valiants m the opeiative pioceduie Yet it does appear 
that an entero-anastomosis, if small (3 5 io 4 cm m length) and placed near 
the gastrojejunal stoma, maj' be a helpful piocedure, m that, wdnle peimitting 
intragastnc regurgitation, it pi events undue piolongation of the gastiic phase 
of gastric secretion bj’’ leducmg the amount of the duodenal content reguigi- 
tated into the stomach It seems woith while to deteimme the validity of 
this premise It is to he understood cleaily, how^ever, that these latter 
remarks have no meaning for any other operation than extensive gastric resec- 
tion, of the extent herein described 

Cast} ojejwnal Ulccj — Bergh, Hay and Tiach found in studying 13S 
patients having gastiojejunostomy, ai^ailable for examination in the Uni- 
versity Out-Patient Clinic, that 14 of the group had gastiojejunal ulcer (10 i 
per cent) Howevei, only 100 of the group had their gastrojejunostomy 
operation performed at the University Hospital, five of these had gastio- 
jejunal ulcer (5 pei cent) Yet others m the gioup may still develop gas- 
trojejunal ulcei Case 8 in Group III, upon wdiom emergency operation was 
performed for massive gastric hemorihage, developed gastrojejunal ulcei 
(the cause of the bleeding) 20 years aftei gastrojejunostomy for obstructive 
duodenal ulcer* In the experience of Church and Hinton (1940), gastio- 
jejunal ulcer is a fai more common sequel to gastrojejunostomy than is 
generally believed 

Two of the SIX patients m Group II (these patients appeal again in 
Group V, Cases i and 2) wnth excision of antrum and pyloius developed 
gastrojejunal ulcer (33 per cent) Klein and his associates (1933) have 
reported previously an incidence of gastiojejunal ulcer following partial gas- 
tric resection of 8 5 per cent, and Lahey and Swinton (1935) noted this as 
a not infrequent complication of partial gastrectomy for ulcer 

* A patient wiio developed gastrojejunal ulcer 28 3'ears after gastro-enterostomy w.is 
observed recently 
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The only other gastrojejunal ulcer m this group of resections is Case 3 
in Group V He came with a gastiojejunal ulcer and when it was excised a 
portion of the gi eater cm vatui e was excised, establishing a newgastiojejunos- 
tomy stoma in the line of excision The stomach was extraordinarily large 
and the excision of 214 sq cm of gastiic tissue was inadequate to make the 
patient achloihydiic 

No recurient ulceis have been observed m any of the other group of 
patients 

Starlingei (1930) conducted a wiitten inquiiy on the incidence of gastro- 
jejunal or recurient ulcei aftei various types of gastric resection Among 
25,121 cases, constituting the basis of his leport, only 169 patients were 
leported as having gastrojejunal or lecuiient ulcer (07 per cent) — certainly 
a veiy conseivative estimate (an unsatisfactoiy manner, however, m which 
to study its incidence) 

Finsterer (1934) admits an incidence of gastrojejunal ulcei of 6 i per 
cent after his opeiation of antral exclusion accompanied by gastric lesection 
As pointed out above, Fmsteiei, in insisting on a line of division of the 
stomach parallel to the vertical axis of the body, must of necessity leave more 
greater cuivature than he is wai ranted in doing, mindful of the importance 
of extensive excision of gastric tissue to insuie achloihydiia 


Table IX 

ri I 1 CT or ANTRAL EXCISION IN STAGLS UPON GASTRIC VCIDIT\ 
{Pavlov Pouch and Residual Stomach) 
PREOPURATIVE DETERMINATIONS 
Dog No Q2 — Johnny 

STOMACH SECRETION 
No of Determinations — 2 
Degrees of Free Acid 



Maximum 

Average 

Minimum 

Fasting — I hr 

Free 

48 

39 

29 

Total 

55 

47 

38 

Alcohol — 14 hr 

Free 

80 

72 

64 

Total 

87 

79 

70 

Histamine — H hr 

Free 

91 

89 

87 

Total 

lor 

99 

90 

Histamine — i hr 

Free 

109 

106 

102 

Total 

II5 

113 

no 

Histamine — i H hr 

Free 

69 

69 

69 

Total 

76 

76 

76 


{S'-e insert for continuation of Table IX) 
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Balfoui (1928) relates that 26 pei cent of gastiojejuiial ulcers coming 
undei his ohseivation have achloihydiia It is veiy unlikely, however, that 
any patient with a well authenticated ulcei 01 gastio jejunal ulcer has a true 
achloihydiia— that is, is peisistently achloihydiic after maximal stimulation 
with histamine We have seen no such cases 

The absence of ulcer in patients uith pernicious anemia (Kahn, 1937) 
having achloihydiia, and the absence of stomach ulcei s in patients having 
gastric lesection with gastiojej unostomy foi cancer, bespeak the importance 
of acid 111 the genesis of ulcei, as does also the occurrence of an ulcei in 
jMeckel’s diverticulum where only a small fiagment of gastiic mucosa may 
cause ulceration with perfoiation 01 severe hemoiihage 

Among those who employ gastiojej unostomy foi ulcer, the fiist and most 
positive indication foi the opeiation is duodenal ulcer with obstruction In 
this connection, the expeiience of those who have piacticed the Eiselberg 
opeiation of gastiojej unostomy with pyloric exclusion is most important It 
IS geneially conceded that the incidence of gastrojejunal ulcer after the Eisel- 
berg opeiation is appioximately 25 pei cent Only leopening of the pylorus 
when gastiojejuiiostomy is undei taken foi obstiuctive ulcei can save the 
patient fiom lunning a similar risk of this dieaded comjDlication Moreover, 
Dublin and his associates, ot the Metropolitan Life Insurance Company, in 
speaking of the iisks of patients with ulcer, state that recuirent ulcer is the 
most impoitant factoi 111 mortality of patients vho have been opeiated upon 
foi ulcer 

Graham and Lewis (1935) state that they performed the Devine exclusion 
operation (tiansveise division of the stomach at the mcisura without excision 
of gastric tissue) five times, and gastrojejunal ulcei developed at the stoma 
in all five patients 

Night Seaetioii — Pavlov believed that fasting was attended by absence 
of gastiic secietion 111 the dog Cailson (1916) showed quite definitely, how- 
evei, for man that the secretion of hydiochloiic acid was continuous, and 
observeis since (Polland and Bloomfield) have come to speak of a basal 
secietion of hydiochlonc acid Winkelstem believed that secretion of free 
hydrochloric acid at night occuiied only in patients with ulcer and was absent 
111 patients with a normal gastiic secretoiy response without ulcer 

Oui findings (Mears and Hay) on this scoie confiim the previous 
obseivations of Cailson, Polland and Bloomfield, and Hellebrandt, Tepper, 
Giant and Catherwood In the main, however, patients with ulcer secrete 
more hydiochlonc acid at night than do patients with normal stomachs Un- 
doubtedly, this Item of night secretion, which will receive but bare mention 
heie, IS an important element m the dietaiy control of ulcer, and probably 
one of the most important items causing failure of such management If 
some manner of suppiessing night secretion adequately or controlling it con- 
tinuously could be evolved, the necessity for suigery m the management of 
ulcer vould dimmish considerably Measuies such as suggested by Sand- 
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weiss (1939) and Brunschwi^ and Ins associates (1940) i^^ay, some day, make 
the role of the suigeon less piomment m dealing with the ulcer problem 

During the time that the work described above has been under way in the 
clinic, a bioad approach to the ulcer pioblem has been made m the laboratory 
Only a few observations, beaiing somewhat intimately upon the questions 
described above, will be lecited heie 

Pouch Expel uuents in the Dog and the Ed kins Hypothesis — The validity 
of the Edkms' hypothesis was put to experimental test in the dog, employing 
methods very similar to those described pieviously by Smidt, Portis and 
Portis, Priestley and Mann, Enderlen and Zukschwerdt, and Shapiro and 
Beig 

Method — A preliminary assay of the gastric secretory response was first 
made on the intact stomach Then, either a Pavlov or a Heidenhain pouch 
was made of the proximal half of the greater curvature of the stomach and 


Operative steps in the antral exclusion and excision procedure 
(emploumq Heidenhain and Pavlov pouches) 



1 I' E 3 4 


Tic 8 — The \inous operative steps carried out in trjing to evaluate the Edhins hj 
pothesis experimentally by antral excision 

1 Establishment of a Heidenhain or Pavlov pouch 

2 Antral exclusion — the line of division being made in the acid secreting area of the 
stomach 

3 Isolation of the antral pouch 

4 After excision of the antral pouch 

the fundus Aftei complete lecoveiy of the animal, the gastric response in 
both the residual stomach and the pouch was detei mined again Later, an 
antral exclusion operation was performed, dividing the stomach transversely, 
the site of section being at 01 slightly above the incisura The upper segment 
of the stomach was then anastomosed to a loop of jejunum Determinations 
were made of the gastiic secietoiy response m (i) the lesidual stomach, 
(2) the antral pouch, and (3) the Pavlov or Heidenhain pouch Finally, 
the antral pouch was excised and the effect of its excision noted upon the 
gastric secretoiy response in the residua! stomach and the Heidenhain or 
Pavlov pouch 

A numbei of such experiments have been completed Excision of the 
antral pouch has been completed only recentl}'^ in the majority Nevertheless, 
oui experiments indicate quite definitely that excision of the antrum and 
pylorus has no effect upon the secretoiy resj^onse in Pavlov or Heidenhain 
pouches in the fundus 


656 



volume 112 PRE- AND POSTOPERATIVE GASTRIC ACIDITY 

Numbev 4 

Portis and Poitis, and Shapiio and Berg, while noting the absence of 
effect of antral excision upon the behavior of Pavlov pouches in the fundus 
of the dog’s stomach, described also complete achlorhydria m the residual 
gash 1C segment (Poitis and Poitis), oi a distinct lowering of acidity in 
the residual gastiic segment (Shapno and Beig) Howevei, no special 
significance was attiibuted to this occuirence Yet this is a most significant 
item Our expeiiments still fail to indicate whether this is a i egui gitation 
phenomenon (impaiied function of acid secieting cells m i espouse to intra- 
gastric regurgitation of duodenal contents as consequence of gastric lesection 
and gastrojejunostomy) or whethei saciifice of the antium and pylorus 
1 educes the ability of the lesidual gastiic pouch to sustain the initial capacity 
foi secietion of hydiochloiic acid Reasoning by analogy, having in mind 
the absence of effect of antial excision upon the secretory capacity of Pavlov 
or Heidenhain pouches (also see Table X), one might say logically, it must 
be the i egurgitation factor Factual information can be obtained on this 
point m the dog which will eliminate the potential eirois of appaiently sound 
logic 

Summarizing data are given m Table IX on one such dog after (i) 
Establishment of a Pavlov pouch, (2) antial exclusion, (3) isolation of 

Table X 

GASTRIC ACIDITY IN LARGE GASTRIC POUCH AND IN SMALL RESIDUAL STOMACH (AFTER GASTRO- 
JEJUNOSTOMY) FOLLOWING ESTABLISHMENT OF SUBTOTAL GASTRIC POUCH 

Dog No 9 — Tony 
Procedures and Dates 

Subtotal gastnc pouch s/26/39 
Residual stomach approx 20% 

Residual Stomach Subtotal Pouch 






Mg 

Mg 




Mg 

Mg 


Degrees 


HCl 

HCl 

Degrees 


HCl 

HCl 





111 

111 




in 

in 


Free 

Total 

Volume 

Free 

Total 

Free 

Total 

Volume 

Free 

Total 


Acid 

Acid 

Cc 

Acid 

Acid 

Acid 

Acid 

Cc 

Acid 

Acid 

5/12/39 











Preoperative 











Determinations 











Fasting — I hr 

24 

46 









Veal broth — i hr 

25 

48 









Alcohol — Yi hr 

66 

80 









Histamine — Y hr 

76 

90 









Histamine — i hr 

16 

32 









Histamine — 1}4 hr 

IS 

33 









3/1/40 











Postoperative 











Determinations’^ 











Fasting — I hr 

0 

36 

2 7 

0 

3 55 

40 

72 

3 5 

S 08 

9 IJ 

Veal meal — Y hr 

0 

S6 

14 

0 

28 6 

132 

146 

13 

63 0 

69 0 

Alcohol — hr 

0 

28 

10 

0 

10 2 

146 

158 

IS 

79 6 

86 S 

Histamine — hr 

0 

60 

17 

0 

37 2 

144 

156 

13 

68 0 

74 2 

Histamine — i hr 

0 

60 

20 

0 

43 8 

152 

164 

12 

66 8 

72 0 

Histamine — lE hr 

0 

48 

9 

0 

15 8 

152 

162 

14 

77 6 

82 8 


* In three subsequent determinations the residual stomach was achlorhydnc to these stimuli Achlorhydna 
in the residual gastnc pouch on histamine stimulation since 8/31/39 
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antrum as a pouch , and (4) excision of antral pouch and pylorus Our 
antral pouches, as we had anticipatel, contained, quite uniformly, a fragment 
of the acid secreting aiea on the uppei end We wanted to be certain, when 
the antral pouch was removed, that no antial mucosa lemamed The secietion 
fiom these antral pouches was, therefoie, acid 111 reaction 

In another dog with a subtotal gastiic pouch (isolation of entire stomach 
save for a small lemnant of the fundus), a jejunofundic anastomosis was 
made It is to be obseived (Table X) that the isolated stomach secretes 
hydrochloiic acid actively The small lesidual stomach between esophagus 
and jejenum, however, has, with the lapse of time, become achlorhydric 



Fig 9 — Drawing of ulcers produced bj subcutaneous implantation of histamine in cat 

Acid Instillation — Hydrochloric acid (o 4 pei cent) was instilled (Wal- 
pole) over an mteival of 15 to 46 days in four dogs, 82 to 108 cc per houi 
being allowed to lun into the fasting stomach by the drip giavity method 
through a gastrostomy opening The instillations were made daily for six 
and a half to seven hours The animals weie fed late in the day, aftei the 
instillation was discontinued No ulceis occuired m dogs Samples lemoved 
periodically foi titiation indicated that during the time of acid installation an 
aveiage acidity of 73 degrees of fiee hydiochloiic acid was maintained m 
the stomach 

In thiee of four cats, similaily treated, but given only 40 to 50 per cent 
as much acid, ulceis weie produced in four to ii days One cat pulled the 
gasti ostomy tube out on the third day and presented no changes in the stom- 
ach, duodenum or esophagus Ulceration in the caidiac esophagus, fundus, 
antrum and duodenum was a common finding in the other animals This 
finding will be described m greater detail at a latei date 

The Pi odiiction of Ulceis by Subcutaneous Implantation of Histamine 
in Beeszvax — Dr Charles F Code, Assistant Piofessor of Physiology at the 
University of Minnesota, whose studies on histamine assays 111 body fluids 
are well known, wished to study the effects of subcutaneous implantation of 
histamine m beeswax upon the gasti ic secretory mechansm m dogs The 
lesults of this study will be reported later (Code and Varco) This type of 
histamine poisoning succeeds in pouring out extraordinary quantities of a 
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highly coiicenti ated acid A coiiceiitiation of 170 degiees (062 per cent 
HCl) has been maintained in the secretion of a Pavlov pouch more than one 
hour, and a litei of N/io HCl vill be secreted 111 24 hours by such a pouch 
under the powerful stimulus of gradual liberation of histamine 

Histamine in beeswax (20 mg of the base, equivalent to thiee times this 
amount of histamine as ergamine acid phosphate) was implanted into the 
back muscles at several sites in five cats (Walpole) Ulcers occuired m all 
111 three to nine days — large and small eiosions as well as perfoiatmg ulcers 
weie observed (Fig 9) 

AnUal and Fundic Extracts and Then Effect upon the Gastuc Secietoiy 
Mechanism — The gastiic theory of gastuc secietions lests on Edkins’ woik 
with pyloric and fundic extiacts of gastuc mucous membrane and their effect 
upon the secretoiy capacity of the cat’s stomach Much work has been done 
on this phase of the problem by many obseivers One of us (Trach), woik- 
ing in collaboration with Di C F Code, of the Department of Physiology, 
has prepared histamine-containmg and histamme-fiee extiacts of the antial 
and fundic mucous membiane of both dog and man In the mam, these 
observations suggest that the histamme-contammg extiacts, whethei fiom 
the antrum 01 the fundus, of both dog and man, exert a stimulating effect 
upon the secretory capacity of Pavlov and Heidenham pouches in dogs, as 
well as upon the intact stomach of the dog Histamme-free preparations 
were without effect These findings will be reported in greater detail at a 
later date 

Code has determined the histamine content, pei giam of antial and 
fundic mucosa, in both dog and man He found a largei content of histamine, 
per unit of mucosal weight, in the fundus for both man and dog Code also 
found that the dog’s gastuc mucosa contains consideiably more histamine, 
per unit of v eight, than does man’s gastric mucosa Code’s observations on 
the histamine content of the gastric mucosa of dogs confirm the observations 
of Gavin, McHeniy and Wilson, who found that 80 per cent of the total 
histamine is to be found in the fundus 

Gastuc tissue, it is to be lemembeied, unlike intestinal mucosa which 
contains both histamine and histaminase, contains no histaminase It has 
already been suggested (Dragstedt, C A , and associates, 1940) that alcohol 
mediates its stimulating effect upon gastric secretion by the libeiation of 
histamine We, too, have noted that alcohol, when instilled into jej unostomy, 
enterostomy, cecostomy, or colostomy openings in man, exerts a stimulating 
effect upon gastric secretion m lesponsive stomachs in man Similarly, we 
observed that veal brotb instilled into jejunostomies in man excites the gastric 
secietory mechanism 

Responsiveness of Antial Fundic (Pavlov and Heidenham) Pouches 
and the Residual Stomach (aftei Establishment of Gasti o-intestinal Conti- 
nuity) to Inti odiiction of Alcohol — Sawitsch and Zeliony (1913) observed 
that a greater secretion of h3diochloiic acid was obtained from the stomach 
when food came in contact with antral mucosa Lim, Ivy and McCarthy 
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(1925) confirmed this obseivation and state that antral mucosa is definitely 
more sensitive in evoking the stimulus for hydiochloric acid secretion than 
IS contact of food with fundic mucosa These conclusions constitute a bit 
of evidence which lends tenable suppoit to the Edkins’ hypothesis We have 
seven dogs with antral and fundic pouches m addition to the residual stomach 
Into these pouches 25 cc of a 7 pei cent solution of alcohol has been intio- 
duced Our experiments aie incomplete On suiveying 0111 data, we were 
inclined, at first, to belieA^e that the obseivations of Sawitsch and Zehony, 
and Lim, Ivy and McCarthy weie suppoited by oui findings A typical 
response is indicated in Table XI It is to be noted that a greatei secretion 
was obtained from the Pavlov pouch But theie is no evidence of stimulation 
ove) the secietion obtained 111 the fasting state It is to be remembered, 
further, that the amount of acid secieting tissue m 0111 antial pouches is 

Table XI 

RESPONSE or ANTRAL AND FUNDIC POUCHES TO INTRODUCTION OF ALCOHOL 

T)og No 108 — Oscar 
Procedures 

Antral and Pavloi. pouchca 

Residual Stomach Antral Pouch 






Ms 

Mg 




Mg 

Mg 


Degrees 


HCl 

HCl 

Degrees 


HCl 

HCl 

Date of 




m 

in 




m 

in 







Gastric 

Free 

Total 

Volume 

Free 

Total 

Free 

Total 

Volume 

Free 

Total 

Analysis 

Acid 

Acid 

Cc 

Acid 

Acid 

Acid 

Acid 

Cc 

Acid 

Acid 

4/22/40 

Fasting — 1 hr 

0 

8 

4 0 

0 

I 17 

0 

8 

1 0 

0 

0 29 

Fasting — 2 hrs 

25 cc 7% alcohol 

0 

42 

s s 

0 

8 4 

0 

33 3 

0 9 

0 

I 09 

placed in Pavlov 
pouch — yi hr 

18 

36 

13 0 

8 54 

17 0 

0 

43 

0 7 

0 

I 09 

I hr 

0 

32 

3 2 

0 

3 7 

0 

100 

0 3 

0 

I 09 








Pavlov Pouch 


4/23/40 

Fasting — I hr 

25 cc 7% alcohol 

0 

40 

10 S 

0 

IS 3 

43 

150 

0 9 

1 41 

4 9 

placed in antral 
pouch — hr 

0 

10 

8 0 

0 

2 92 

30 

40 

I 2 

1 31 

1 75 

I hr 

0 

23 

4 8 

0 

3 27 

SO 

60 

0 7 

1 28 

I 52 


relatively small It may be pointed out heie that instillation of alcohol into 
the residual gastric pouch (lef Table IX, undei item IV) elicited a good 
response from the Pavlov pouch In the light of the gieatei histamine content 
of fundic mucosa, one could expect, reasonably, a greater response upon the 
lesidual stomach fiom instillation of alcohol into fundic rather than antral 
pouches 

The lesponsiveness of the antial and fundic mucosa to contact with 
alcohol 01 food, with reference to the secretion of acid, is an important 
item Should the antral mucosa piOA^e to be definitely more sensitive, one bit 
of ei ideiice would continue to support the Edkins’ hypothesis 

Summary — These observations are not intended as suggestions upon 
which the indications for the various gastric operations foi the relief of 
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ulcer, should be foimulated Many items enter into consideiation which 
determine choice of operative procedures, and, frequently, standaidized indi- 
cations fail to meet optimally the requiiements of a given patient However, 
the observations related here have some importance in determining what may 
be expected reasonably of ceitain types of operative proceduies 

Satisfactoiy opeiations for ulcer insuie (i) Achlorhydria to maximal 
stimulation (histamine) , and (2) decreased emptying time Operations 
which fail to afford leal piomise of achloihydna leave too much to chance 
and hold out too gieat a risk of gastiojejunal or lecuiient ulcei, to stamp 
them as satisfactory operations to be invoked frequently foi the surgical 
lelief of ulcer Gastiojej unostomy and excision of the pyloius and antrum 
fall into this class 

Gastrojejunostomy (and piobably also, gastroduodenostomy and pyloio- 
plasty) exerts its value through quickening of the gastiic evacuation time 
Removal of the pylorus and antium whether by the Billroth I or 11 plan is 
piobably of no great consequence) is attended by true achloihydna only 
occasionally The viitue of this pioceduie lies laigely, also, in diminution 
of the emptying time 

Extensive gastric resection when accompanied by gastrojejunostomy is 
attended usually by achlorhydria to histamine stimulation When, howevei, 
three successive doses of histamine aie given, some such gastric pouches, 
pieviously achloihydric, may secrete fiee hydiochloiic acid True achlor- 
hydria is leported after extensive gastric resection, tubulai lesection of the 
corpus and antium, accompanied by gastrojejunostomy leaving the pyloius 
and antrum intact), and aftei the antial exclusion resection save foi the re- 
cent cases) 

The items necessary to afford real promise of achlorhydi la are ( i ) exten- 
sive excision of the acid secreting area, and (2) piovision for gastrojejunos- 
tomy Occasionally true achlorhydria follows perfoimance of operation 
directly, in a number of instances a few months must elapse before achloi- 
hydria occurs Operations which delay the gastric evacuation time (such as 
provision for complete intragastnc reguigitation) are not likely to be followed 
by achloihydna and may, like anastomotic operations which lower gastric 
evacuation time without lowering gastric acidity, be followed by a high inci- 
dence of recurrent ulcer 

It IS pointed out that the size of the resection is an impoitant item in 
determining whether true achloihydna will occur The term “subtotal gastric 
resection”'’^ has been applied by many experienced gastric surgeons, when their 
own diagrams indicate that they excise m the vicinity of 50 per cent of the 
total gastric tissue The surgeon, intent on affording his patient maximal 
protection against recurrent ulcer, must take more serious account of the 
amount of gastric tissue which he removes The minimal amount necessary 
to excise to afford real promise of achlorhydria is not kn own Excision of 

A satisfactorj definition of “subtotal” is a little less than all No resections of less 
than 80 per cent can be described reasonably as “subtotal ” 
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66 to So per cent usually sufifices Whethei acliloihydua pei se canies special 
nsks foi the patient lemains to be seen 

On the clinical side, the data reported heiein appear to indicate that the 
Edkins hypothesis, of contiol of the gastric phase of gastric secietion by a 
pyloric and aiitial hormone, is invalid The essence of this pi oof lies in two 
occurrences (i) The consistent production of true achloihydiia in five 
patients having duodenal ulcei aftei tubular lesection of the corpus and 
fundus attended by gastrojejunostomy), leaving the pyloius and antrum 
intact (Group 6) (2) Failure to pioduce true achlorhydiia in patients with 

excision of the pylorus and antrum (Group 2) Another item bearing directly 
upon the point 111 question, but upon which our evidence is not yet complete, 
IS the group of patients in which extensive gastric lesection has been per- 
formed, but 111 which the pylorus and a small fragment of the antium are left 
(Gioup 4) 

The importance of “night secietion” in this relatively long fasting period 
IS pointed out It often breaks the effectiveness of dietaiy control of the 
ulcer regimen 

On the expel imental side, it is indicated that saciifice of the pyloius and 
antrum does not dimmish the secretor}'^ activity of fundic (Pavlo\ and 
Heidenham) pouches In time, the residual gastiic pouch, aftei antial ex- 
cision, tends to become achlorhydiic Whethei this occurrence is owing 
largely to impaiied gastiic secietoiy capacity, consequent upon gastiic lesec- 
tion and provision for intiagastiic legurgitation, 01 whether the occurience 
is influenced significantly by sacrifice of the antrum, cannot be stated definitely 
On the Item of the relative 1 esponsiveness of antial and fundic mucosa 
to the presence of alcohol, oui findings are incomplete and inconclusive 
Previously recorded data on this scoie suggest a greatei sensitivity of the 
antral mucosa — an observation which would lend at least partial suppoit for 
the Edkins’ theory of gastiic secretion 

The expel imental production of ulcei (exogenous) m cats by the intro- 
duction of 04 per cent acid is reported (See Walpole et al ) Similarly, the 
mtiamuscular implantation of histamine in beeswax (Code) is followed by 
maximal stimulation of hydi ochlonc acid secretion, and ulcei can be produced 
legulaily in cats by this method (endogenous) These latter observations 
lend inci eased significance to the acid factoi in the genesis of ulcer 

Extracts of gastric mucosa, piepared fiom the stomachs of dog and man, 
which contain histamine stimulate the secietion of hydi ochlonc acid 111 dogs 
with fundic pouches Such activity was demonstrated in the extracts pre- 
pared from both antral and fundic mucosa The mucosa of the fundic zone 
contains more histamine, per unit of weight (per giam), than does antral 
mucosa (Code) and the dog’s gastric mucosa contains moie histamine, per 
unit of weight, than does the gastiic mucosa of man 

CONCLUSIONS 

(i) Anastomotic operations peifoimed for ulcer fail to produce achlor- 
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hydria The virtue of such operative pioceduies is mediated thiough lessen- 
ing of the gastric evacuation time 

(2) Extensive gastric lesection pei se is not followed by achloi hydria, 
but when accompanied by gastiojejunostomy, achloi hydiia follows, usually 
with the lapse of time 

(3) Piovision foi complete intiagastiic 1 egui gitation lengthens the 
gastric phase of gastric secretion and is undesnable 

(4) Excision of the pylorus and anti uni in man for ulcei is raiely 
attended by achloi hydiia 

(5) Achloi hydiia may accompaii)^ extensive gastiic lesectioii for ulcei, 
when the pyloius and antrum remain 

(6) The Edkms’ hypothesis on the clinical side, on the basis of our 
observations, appears to be invalid On the expeiimental side, our observa- 
tions are still incomplete, save that excision of the pylorus and antrum does 
not decrease the secietoiy capacity of fundic pouches 

(7) The importance of the acid factoi in ulcei is emphasized in the 
occurrence of ulcers 111 cats aftei intiagastnc instillation of 04 pei cent HCl 
and after subcutaneous inti ainuscular implantation of histamine in beeswax 
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Discussion — Dr Lester R Dragstedt (Chicago, 111) Doctor Wan- 
gensteen and his associates deserve oui congratulations and thanks foi their 
extensive and painstaking study of the effects of various opeiative piocedures 
on the physiology of the stomach It is the kind of information that should 
have been available many years ago and would have made unnecessary many 
a suigical expeiiment on patients with gastric and duodenal ulcer I do not 
share the pessimistic view of the ulcei problem expiessed by Doctor Ivy in 
1931 The vast amount of work done on the lower animals in a large number 
of laboratoiies (furing the past few years has so greatly claiified and extended 
our knowledge in this field that there are few diseases wheie our information 
IS more complete 

A typical, chionic piogiessive ulcer can be pioduced at will in the dog 
and the factors necessary foi its production are fairly well undei stood Pure 
undiluted gastric juice has the capacity to digest away all living tissue, in- 
cluding the wall of the stomach itself, and an ulcer may be expected whenever 
opportunity foi prolonged contact between such a secretion and the mucosa 
occurs The normal stimulus for gastiic secretion is the ingestion of food, 
and this food promptly reduces the acidity and pepsin concentration of the 
fundus secretion In many ulcer patients, howevei, copious secietions of 
gastiic juice occur without the stimulus of food, often during the night, and 
large amounts of puie gastric juice remain in contact with the gastric and 
duodenal mucosa for long periods Solution of the clinical problem would 
seem to depend upon the discovery of the nature of this abnormal stimulus 
for gastric secietion 

The interpretation of Doctor Wangensteen that 1 eduction of the acidity 
of the gastric content following partial gastiectomy, gastrojejunostom)'-, gas- 
troduodenostomy, and similar pioceduies, is due to lessening of the gastric 
phase of secietion thiough moie rapid emptying of the stomach seems ^\ell 
justified by the evidence piesented The new procedures of attempting to 
reduce the acidity by actual removal of laige aieas of the acid-secretmg fundus 
are interesting, and it is important that they should be exploied by investi- 
gators like Doctor Wangensteen and his associates, A\ho aie willing also, to 
study the effects of these operations on gastric physiology 
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The fact that subtotal gastrectomy is occasionally necessary to cure the 
disease does not indicate that this procedure is the solution to the problem, 
but it is only a confession of our inability in many cases to control the ex- 
cessive gastric secretion by less ladical measuies 

Dr Roscoe Graham (Toronto, Can ) Gastro-enterostomy has been 
followed by relief of symptoms of duodenal ulcer in spite of the operation 
A restudy of a series of our patients has shown of those symptom-free, 47 
per cent had malfunctioning stomata 

Doctor Wangensteen’s contribution is excellent, but it is doubtful whether 
the relation of acid to recurrent ulceration is still settled While we have 
deleted the necessity of operation from the treatment of an uncomplicated 
duodenal ulcer, we are adding further confusion Such confusion arises be- 
cause in reports of operated cases there is not an accurate description of the 
extent of the resection and the type of reconstruction of the gastro-intestmal 
tract Oui clinical experience has borne out Doctor Wangensteen’s statement 
— “If we must opeiate upon patients suffering from complicated duodenal 
ulcer, such operation should be a radical gastric resection ” Doctoi Dragstedt 
says it IS an admission of defeat It is ' It is an unphysiologic compromise, 
which, however, if applied to properly selected cases, produces a happy result, 
and until we can deteiinme accurately the cause of ulcer, must be an ac- 
ceptable therapeutic procedure May we, as a group, in reporting the results 
of our gastric lesections for duodenal ulcer, state accurately the extent of the 
resection and the method of reconstruction This, I trust, will avoid many 
years of confusion and erroi in arriving at an accurate evaluation of surgical 
therapy for duodenal ulcer 

Dr J Shelton Horsley (Richmond, Va ) Studies of the kind that 
Doctor Wangensteen and his associates have reported are always interesting 
Much gastric surgery has been performed without the proper consideration 
of the underlying biologic principles Physiologists have shown that in ex- 
perimental animals a large portion, often moie than 75 per cent, of normal 
kidney tissue can be lemoved, if undertaken in different stages, with no ap- 
parent permanent interfeience with the function of the kidney The same 
is true of the liver If moie than this maximum amount is excised there may 
not be enough tissue left to undergo sufficient hyperplasia, and function may, 
therefore, be permanently affected It would seem probable that this general 
law of compensation applies to the stomach, and doubtless accounts for the 
disappointing late results that follow many operations of so-called fundectomy, 
or excision of a large quantity of the acid-bearmg region of the stomach 

The efficacy of operations on the stomach cannot always be evaluated by 
the amount of hydrochloric acid in the gastric contents It is not as simple 
as that If, for instance, the estimation of acid m the gastric contents is 
made before there is opportunity for hyperplasia of the acid-forming cells 
of the remaining portion of the stomach, naturally the acid will be low or 
absent In Doctor Wangensteen’s cases there was, I believe, acblorhydria, 
at some stage, in all of the cases that he reported Then, too, it is probable 
that some individuals will have a tendenc}^ to compensate for the destruction 
of the acid-bearmg part of the stomach more readily than others Almost 
any subtotal resection would leave approximately at least one-fourth of the 
acid-secreting portion, and, as an analogy between this and the experimental 
work on the kidneys and livei it would seem that the remaining portion is 
capable b}”^ hyperplasia of eventuall}'^ restoring practically the full amount of 
acid Other features that entei into the results of gastric operations are the 
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type of opeiation pei formed, and the portion of the intestinal tract into which 
the gastric contents empty If, for instance, a Billroth II type of opeiation 
IS undertaken and an entei o-enterostomy perfoimed, much of the alkaline con- 
tents of the duodenum is diverted and does not leach the gastric anastomosis 
This IS, m a sense, the duodenal drainage of Mann and Williamson, which 
has been found experimentally to lesult in an ulcer at the site of the anasto- 
mosis m almost eveiy instance Of course the entei o-enterostomy does not 
necessarily diaiii off all of the alkaline contents, so that the analogy is not 
complete, but it, at least, takes away some of it and so weakens the i esistance 
of the gastiic anastomosis to the acid that is left 

It has been shown by physiologists that the sensitivity of the intestinal 
mucosa to the acid of the stomach increases from the duodenum down to 
and including the large intestine The duodenum ulcerates more frequently 
because it beai s the first hi unt of the impact of the acid from the stomach, but 
an anastomosis with the jejunum, even when there is no entei o-entei ostomy, 
entails a gieatei piobabihty of ulceiation fiom the acid of the stomach than 
would occiu with the same amount of gastric acid emptying into the duo- 
denum 

Dr Owen H Wangensteen (Minneapolis, Minn , closing) In my 
presentation, I had no oppoitumty to allude to the experimental pioduction 
of ulcei Dm mg the jiast yeai, my colleagues and I, with the cooperation of 
Di C F Code, Assistant Professoi of Physiology, have been exploring some 
phases of this pi oblem The daily instillation of o 4 pei cent hydrochloi ic 
acid in faiil)^ laige amounts ovei a period of some houis into the stomach 
of the dog was not followed by the occuiience of ulcer When, howevei, 
similar instillations, but in less amounts, weie made into the stomachs of 
cats, ulcers weie pioduced quite unifoimly Employing a suggestion of 
Doctor Code that histamine be embedded 111 beeswax, to permit constant 
liberation of the histamine, and implanted intiamuscularly, ulcers were uni- 
formly pi oduced 111 cats as well as in the t\\ o dogs upon which the experiment 
has been tiied to date Doctors Cole and Vaico have studied the effect of 
such giadual hbeiation of histamine upon the secietoiy capacity of gastiic 
pouches The effect is piofound, high concentiations of hydiochloric acid 
(06 pel cent) being pouied out m laige amounts I have the impression 
that we may be able to pioduce ulcei expei imentally by this method m every 
animal whose stomach secietes hydrochloi ic acid We propose to probe this 
problem fuithei For theiapeutic leasons, it is most important to know 
whethei acid is the factor 01 only n;i tmpoi fanf factoi m the spontaneous oc- 
cuirence of ulcei in man 

Mind you it takes onl} a little wisp of actwely secietmg gastiic mucosa 
to pioduce an ulcei We need only lecall iihat may happen m Meckel’s di- 
\eiticulum, where a bit of gastiic mucosa, no laiger m aiea than the thumb- 
nail, may produce hemoiihage 01 peifoiation, as is seen moie fiequently m 
duodenal 01 gastiic ulcei 

Doctoi Hoisle} lefeiied to the legeneiation of gastiic mucosa The re- 
o'enerative piopeit} and capacity of gastiic mucosa is well known When 
T stated that ye lemoved hv vieasin einent 66 to 80 per cent of the stomach 
I admit fieely that this measurement piobably does not constitute this same 
fraction of the gastiic mucosa As you know, the mucosa of the upper poi- 
tion of the stomach is consideiably moie lugated than the antral portion 
When at opeiation one leaves a small lesidual sfastiic pouch yhich would 
hold appioximateh foui ounces of fluid (120 cc ) and a fey months later, 
one sees that small lesidual gastiic pouch expanded into a stomach of much 
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laiger propoitions, I like to think that the following has happened Smooth 
muscle has an enoimous capacity foi adjusting itself to vaiious degrees of 
stietch (one need think only of what happens quite normally in the stomach, 
bowel and bladdei ) , the small residual gastric pouch, even in the absence 
of obstiuction, enlarges to the extent that the mucosa and submucosa will 
peimit the smooth muscle of the stomach to stretch 

So that wheieas excision of the amount of stomach described in this pies- 
entation appears large, it is to be lemembeied that the same percentage of 
the gastiic mucosa is not sacrificed 

Patients who have been achlorhydiic to histamine, peisistently dm mg the 
early months after opeiation, have not in our experience exhibited fiee hydio- 
chloiic acid later The use of continuous suction rather than inteimittent 
aspiiation diminishes the possibility of not getting tiue acid values fiom the 
gastric juice Even with the employment of suction it is cleai that all the 
gastric juice cannot be aspiiated — hence the weakness of single aspiiations 

It IS mteiesting that provision foi some intiagastiic leguigitation must 
be made to pioduce achloihydna to histamine stimulation after gastric lesec- 
tion It Avould appeal that total intragastiic i egurgitation of the duodenal 
content is undesnable Hozv much intiagastiic i egui gitation is optimal is 
not yet apparent It may piove that the intragastric regurgitation which an 
oidmary stoma piovides is optimal We have been exploring this query m 
part by adding entero-anastomoses to some of the extensive gastiic resections 
An advantage of entei o-anastomosis is that it does away wnth the mechanical 
derangements at the stoma aftei gastrojejunal anastomosis — disturbances 
which aie famihai to eveiyone I must emphasize, howevei, that I do not 
suggest that entei o-anastomosis be pei formed in the ordinary small gastric 
lesection My colleagues and I do not feel that oui findings should be in- 
terpreted as indications foi choice of opeiative pioceduie What we do mean 
to point out IS what the suigeon may reasonably anticipate fiom alternative 
types of opeiation 

It IS exti aoi dmai ily interesting that the lesidual stomach may become 
peisistently achlorhydiic to histamine stimulation aftei gastiic lesection and 
eastrojejunal anastomosis of the extent wdnch I liave desciibed for, aftei 
all, a sizable fragment of gastiic mucosa lemains still Di Maui ice Visschei, 
Professoi of Pltysiology, -with whom I have had many piofitable discussions 
upon the ulcei pioblem, asked if it was leasonable to believe that one could 
make the stomach achloihydric to maximal stimulation (histamine) as long 
as eastric mucosa remained It appears that w^e can 

The suigeon, when operating for ulcer, must be studious m his eftoit 
not to inflict upon the natient a -worse disoidei than that wnth wdnch the 
patient came to him The opeiation wdnch fads to i educe gastiic acidity 
leaves a great deal to chance and invites the possibility of a i ecurrent ulcer 
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DEPARTMENT OF SUHOERT, THE DAHEl CLINIC 

As POINTED OUT by Sworn and Cooper, leiomyomata, said by Boyd 
(1938) to be the commonest benign tumors of the stomach, receive scant 
attention in most text-books and are lefeired to by Romanis and Mitchmei 
(1937) as usually causing no symptoms whatsoevei In a leview of the 



Pig I — Case i Roentgenogram of the stomach shoiving the defect 


Iiteratuie of benign tumors of the stomach, Minnes and Geschickter found 
that leiomyomata formed 36 6 pei cent of all benign tumors of the stomach 
Two years later, Chaffin noted the increasing incidence of smooth muscle 
tumois of the stomach, recording 363 cases th at had been reported to date, 

* Read before the American Surgical Association St Louis, Mo , May i 2, 3, 1940 
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and m the same year Collins and Collins placed the incidence of leiomyomata 
at 39 9 per cent of all gastric benign tumors In the study of benign tumors 
of the stomach made by Ehason and Wright, 6o per cent were leiomyomata 
The fact that benign tumors of the stomach, m general, are not infrequent 
is shown by the fact that Rigler and Encksen, m 6,742 autopsies performed 
in four years at the University of Minnesota, found benign tumors formed 
26 per cent of all gastric neoplasms 

Regarding their etiology little can be definitely pi oven It has been 
stated by more than one writei that unchecked smooth muscle piohfeiation 
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Fig 2 — Case i >>ote on the gross specimen the scars of healed 
ulcerations over the tumor 

during the healing phase of gastric ulcer may be an originating factoi in this 
condition 

The sex incidence of these tumors is about equal — in our seven cases, 
four men and three women The average age of 529 reported cases was 
53 6 years , in our cases, 44 years 

Rudolf Virchow (1863) was the first to classify gastric leiomyomata 
pathologically He divided them into internal (submucous) and external 
(subserous) That this classification, though crude, has an important bear- 
ing on the symptomatolog)’' produced by these tumors can leadily be seen 
in the histones m our cases, all of which were mtragastnc 

There are no definite laboratoiy findings in these cases except anemia, 
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Fig 3 — Case l Photomicrograph of portion of stomach wall 
showing infiltrating tumor At top and bottom, tumor cells are 
seen in cross section, in central portion of musculans, in longitudi 
iial section Cells tend to be spindle shaped Intercellular sub 
stance absent Malignant tumor, probablj atypical leiom>osarcoma 

(X270) 



Fig 4 — Case 2 A recent photograph 
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and there is no lelationship to gastric acidity The lowest hemoglobin in 
oui cases was 36, the highest 88, and the average 63 The lowest led blood 
count was 2,200,000, the highest 4,500,000, the average 3,100,000 Reliance 
in diagnosis must be placed upon the 1 oentgenologic findings, plus an ap- 
pieciation of the occuiience and clinical importance of these tumors They 
are most commonly found m the lower poition of the stomach, and the in- 
cidence of involvement of the two curvatures is about equal Chaffin reports 
the most chaiacteiistic roentgenologic finding as being relatively cleai rugae 
and undisturbed peiistalsis in the immediate neighborhood of the tumor The 



Tig s — Cnse 2 A photograph of the entireh removed «;tomach with 
the ‘stonnch opened showing the leiomjosTrconiatous masses occupving most 
of the stomach 

outline defect made by the inoie oi less spheiical tumor was the most com- 
mon roentgenologic finding in our cases The pedunculated tumors aie, of 
course, movable on palpation and not infrequently cause pyloiic obstiuction 
Matas has lepoited a pedunculated leiomyoma acting as a ball valve 

The thud most impoitant fact of clinical importance regarding these 
gastric tumors (the fiist two being hemoiihage and obstruction) is malignant 
degeneration As w^e leview our cases it seems piobable that they all origi- 
nated in a leiomyoma originally benign The fact that Collins and Collins 
found 54 lecorded cases of malignant leiom3mmata of the stomach indicates 
that malignant change in these benign gastric tumors is piobably more com- 
mon than supposed 

Of seven patients opeiated upon m our clinic foi leiomyomatous tumois 
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of the stomach, five, or 71 per cent, showed sarcomatous degeneration This 
IS undoubtedly a high aveiage (The average hemoglobin in the seven cases, 
when fiist seen, was 63 per cent, and the average eiythrocyte count 3,100,- 
000) The aveiage time after the beginning of symptoms (largely hemor- 
ihage) attiibutable to the tumoi when these patients weie seen and operated 
upon was 17 months Fne of the seven patients had had hematemesis or 
tally stools one for thiee weeks, one for four weeks, one for 18 months, 
one for four yeais, and one for 30 months 



Fig 6 — Cise 2 (a) Roentgenognm of the stomach showing the tumor masses occupying most 

of the stomach (b) A postoperatn e roentgenogram showing the jejunum anastomosed to the 
esophagus ISote the long antecolic loop of jejunum without an entero enterostoms , and how well 
It functions 

Because of the lepoited incidence (36 per cent of all benign tumors of 
the stomach, Mmnes and Geschicktei ) of leiomyomata, because of the high 
peicentage of malignant degeneiation (five out of seven m our cases), be- 
cause of the high grade of secondary anemia present when the patients pie- 
sented themselves for tieatment, and because of the lelatnely long histones 
likewise present when these patients fiist appeared for surgical treatment, 
it seems desirable to call attention, m a brief and simple way, to this relatively 
small but impoitant gioup of gastnc tumoi cases 

Fiom our experience ^\lth this small gioup of cases and fiom the reports 
m the literatuie, it may leasonably be said that leiomyomata of the stomach 
are not laie, that the predominating mtragastiic types tend to become ulcer- 
ated on their sui faces (Figs 2, 12 and 15), and to pioduce hematemesis or 
melena , that the} ma} or may not produce digestive s} mptoms , and that 
they possess real dangers of saicomatous degeneration It should be realized 
that ulceration of the sui face and into the substance of these tumors 
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quite common complication with them, and that m any patient with hema- 
temesis or melena the possible presence of an ulcerated leiomyoma should 
be kept in mind and seaiched foi in gastric roentgenologic examinations to 
explain gastric bleeding 

From the experience with these seven cases, we can say that there is 
nothing characteiistic m these tumors, when they are single and discrete, 
whereby one may foietell with certainty, either roentgenologically, by gas- 
troscop}'', or even on direct Ausualization, whether or not sarcomatous de- 
generation has aheady taken place When the tumois are multiple and have 



Fig 7 — Case 2 (a) Photomicrograph of portion of leiomj osarcoma remoied in 

1933 shotting spindle character of cells and scattered giant cells CX300) (b) Essen 
tiallj similar picture Tumor remoied in 1937 shotting slightly greater cellularitj 
Leioms osarcoma (X300) 

involved the entire stomach, as was the case in the patient submitted to total 
gastrectomy (Case 2, alive and w'ell now' three and one-half years) one can, 
of course, reasonably assume that sarcomatous degeneration has already taken 
place, as w'as the case m this patient 

CASE REPORTS 

Case I — Hosp No 40230 A male, age 39, w’as first seen at the clinic, Ma; 17, 1934 
because of profuse gastric hemorrhages The first one had occurred a }ear and one-half 
previouslj', at w'hich time he vomited “several quarts” of fresli blood Two months before 
admission he had had a second profuse intestinal hemorrhage, and one month before, a 
third He had lost 12 pounds and his hemoglobin was 65 per cent Roentgenograms re- 
vealed an egg-sized tumor projecting into the lower portion of his stomach with ulcera- 
tion on Its surface At operation, a large movable tumor, 8 cm in diameter, was found 
just proximal to the pvlorus, on the greater curvature Subtotal resection was performed 
and he made an uneventful conv'alescence The pathologic report showed atypical 
leiomj osarcoma of low mahgnancv 

* The pathologic diagnoses of the tumors were made bj' Dr Shields Warren, Pathol- 
ogist to the New England Baptist and New England Deaconess Hospitals 
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In a report from the patient, dated April 4, 1940, he had liad no further hemorrhages, 
was getting along w'ell, and w'orking every day 

Case 2 — Hosp No 72221 A female, age 27, liad been treated for several years foi 



Fir 8 — Case 3 (a) Note the t\pical roentgenograpluc defect, (b) note the completeness of the 
online of the tumor in the roentgenogram This is no giiaiantee of the absence of mahgmncv 



1 ic 9 — Case 3 The gross specimen shows the Upical intragastnc leiom\oma 

a sccondarj anemia of unknown oiigin Four years before admission she had had a pro- 
fuse hemorrhage from her mouth associated wuth tarrj stools At that time, December 
7 1933 she was operated upon elsewheie and her stomach was found to contain multiple 
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lobulated tumors along the lesser curvature The lower group of tumors only were ex- 
cised The pathologic report w'as leiomyoma Following operation she continued to run 
a considerable degree of anemia associated with repeated and rather alarming hemorrhages 



Fig 10 — Cnse 3 Pliotoniiciograph of portion of leiomyoma showing well 
defined smooth muscle cells with some supporting stroma Moderate variation 
in nuclear size No evidence of malignancj (X300) 



Fig 11 — Case 4 Note large gastric defect as shown roentgenographicalb 

At her admission to the clinic, October 8, 1937, her hemoglobin was 53 per cent, and 
her red cell count 3,460,000 Roentgenologic examination revealed several intraluminal 
filling defects m the stomach, occupying most of the cardiac portion of the stomach, the 
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largest of which measured 7 cm on the film, and came within one inch of the cardiac end 
of the esophagus This finding was verified at operation Total gastrectomy was per- 
formed, October 18, 1937 The pathologic diagnosis was leiomyosarcoma 

This patient reports, April 6, 1940, that she has married in the past jear, that she is 



Fig 12 — Cise 4 Note the ulceration o\er the tumor — a find 
mg present in manj of these cases and obviously the explanation 
of the frequenc> of hemorrhages in patients with this tjpe of 
gastric tumoi 



Fig 13 — Case 4 Portion of less differentiated part of leiomjo 
sarcoma of low malignancr showing elongated smooth muscle 
cells with irregular nuclei Tissue fairl> edematous (X300) 

well in etert wat and maintains her at eight and blood picture She receives iron, liter 
and hjdrochlonc acid and pepsin She eats ttithout difficultt 

Case 3 Hosp No 75739 A male, age 60, came to the clinic Februarj 10, 1938, 
because of indigestion for 15 tears He had noticed attacks of vertigo and faintness for 
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the last SIX years, accompanied bv dianhea on several occasions A roentgenogram a 
year previously had shown a polyp of the stomach His hemoglobin was 88 per cent, 
and erythrocyte count 4,480,000 Roentgenologic examination revealed a filling defect in 
the lesser curvature The tumor appeared to have a rather broad base At operation. 



Fir 14 — -Case 5 Note the Hr"e roentgenognphic defect made hj the tumor 

Maj 31, 1938, a circumscribed polypoid mass, 5 cm in diameter, was found, vhich pro- 
jected partljf through the serosa of the stomach in the pjdoric region Subtotal gas- 
trectomj was performed The pathologic report was leiomyoma 

Case 4 — Hosp No 80367 A male, age 51, was seen at the clinic, June 17, 1938, 
because he had suddenlj begun to pass dark stools three weeks previously This had con- 
tinued, and at the time of admission he felt quite weak His hemoglobin was 72 per cent 
and his er>throc3te count, 2,176,000 A roentgenogram showed a large filling defect in 
the p\loric region of the stomach At operation, June 22, 1938, a large tumor, 10 cm in 
diameter, was found just proximal to the p\lorus and a sibtotal gastrectomy was per- 
formed The pathologic report was leiomyosarcoma 
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I'lo 15 — Cise s Note m the gross specimen, the he tied senr ovei the tumor 
indicating the tendenc) for these tumors to ulcerate and bleed 



Fig 16 — Case 5 Photomicrograph shouing portion of leiomjoma (benign) 
uith well diffeientiated smooth muscle cells Note elongated, mature character 
of the nuclei and fairh orderK arrangement of cells (X3on) 
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A letter from the patient, dated April 4, 1940, stated that he was well m eveiy way 
and had had no more hemorrhages He is maintaining his eight and working regularly 
Case 5 — Hosp No 95855 A male, age 40, came to the clinic, May 17, 1939, and 
stated that he had first noted black stools a jear and one-half previously Nine months 
ago he had had a seveie hemorrhage which forced him to bed for three weeks In spite 
of a Sippy diet and ulcer regimen he had had a third hemorrhage three weeks before 



Fig 17 — Case 6 The gross specimen dnided and shown in cross section 


' » <!Sn 



-s''"' 


Tig 18 — Case 6 Photomicroi,npli of portion of leiomjosnr 
conn showing nnn\ cells m cross section some in longitudinal 
section Note the large sire of seme nuclei Low grade mnlign'inc\ 

(>'Soo) 

admission His hemoglobin was 58 per cent and erythrocjtes numbered 31670,000 
Roentgenologic examination revealed a filling defect involving the prepyloric area on the 
lesser curvature of the stomach At operation, September 8, 1939, a soft mass, approxi- 
mate!} 5 cm in diameter, was found in this region Subtotal gastrectomy was performed 
The pathologic diagnosis was leiom}oma 

The patient reported personall}, April 5, 1940, and is w'ell in every way 
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Case 6 — Hosp No 97271 A female, age 47, came to the clinic, October 3, 1939, 
stating that four weeks before admission she had suddenlj'- vomited a profuse amount of 
blood She was taken to a hospital where she had three more hemorrhages and five trans- 
fusions during a period of two weeks Her hemoglobin was 67 per cent, and erythroc>tes 
numbered 3,410,000 A roentgenogram revealed a large mass in the fundus of the stomach 
arising from the superior medial wall At opeiation, October 6, 1939, a large, freely 
movable mass was found arising from the caidia neai the esophagus The mass was 
pedunculated and submucous excision was peifoimcd The pathologic report was leiomyo- 
sarcoma of low mahgnancy 



Fig 19 — Cnse 7 The gross specimen shown in the reino\cd portion of the 

stom-ich 


A report from the patient, April 3, 1940, stated that she had gained 14 pounds, felt 
quite wtII and had had no more hemorrhages 

Case 7 — Hosp No 310-1 A female, age 45, w’as seen at the clinic, December 20, 
f939. because of persistent anemia and Aveakness which had been present for two years 
Her hemoglobin w'as 44 per cent, w'lth an erythrocyte count of 3,340,000 Roentgenologic 
examination revealed a discrete, oval, pedunculated mass lying wnthin the midportion of 
the antrum At operation, December 30, 1939, a mass 3 cm in diameter w'as found within 
the lumen of the stomach, attached by' a broad base, w'hich was considerably indurated 
Subtotal gastrectomy' was performed The pathologic report w'as leiomyosarcoma She 
was discharged, January 18, 1940, eating well and yvound yvell healed 

This patient remains yvell but the operation is so recent that any folloyv-up report is 
yvithout yalue 

In the light of our experience with saicomatous degeneration in these 
tumois we do not believe that they should be treated by local removal but 
lather b} high subtotal gastrectomy in order that the tumor and its base, 
togethei yyith a yvide maigin of gastnc yvall about it, may be included in the 
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removal This piocedure was employed m six of our seven cases In the 
seventh case a laige mti agastric leiomyosarcoma the size of a grapefruit and 
attached by a moderate-sized base was lemoved by Dr Samuel F Marshall 



Fig 20 ■ — Case 7 Roentgenogram of the stomach show mg tumor of the antrum 


mti agasti icalty, together with the attached section of the stomach wall, and 
the remaining defect in the stomach wall closed, the patient making an ex- 
cellent recovery This was done after Doctor Marshall and I had examined 
the stomach with the abdomen opened and arrived at the conclusion that be- 
cause of the size of the tumor one Mould have to accept either intragastric 
removal together with the portion of the stomach ivall to ivhich it was at- 
tached or a total gastrectom) Since the tumoi was completely encapsulated 
and movable on its base, and since we did not knmv ivhether or not it was 

684 



Volume 112 GASTRIC LEIOMYOMA AND LEIOMYOSARCOMA 

■Numbei 4 

malignant, the conservative piocedure of local intragastnc removal was 
chosen 

The type of malignant degenei ation occuiiing m these tumors is usually 
of low grade and foi that reason, even in the patients with the multiple 
leiomyosarcomatous lesions involving the entiie stomach as shown in Figuie 
5 of Case 2, total gastrectomy is distinctly justifiable This patient, whose 
photograph is shown in Figuie 4, thiee and one-half yeais after total gas- 
trectomy foi a leiomyosarcoma involving the entiie stomach (Fig 6a), is 
able to eat neaily eveiything, to maintain her weight and, with the aid of 



Fig 21 — Cnse 7 Photomicrogi iph of portion of leiomjosar 
coma showing marked edema of stroma, separating strands of 
atjpical smooth muscle cells (X300) 


liver, hydrochloric acid and non, to maintain hei hemoglobin and led count 
at a normal level In an experience with complete gasti ectomy, now amount- 
ing to 27 cases, there have been but seven deaths Sixteen consecutive total 
gasti ectomies have now been perfoimed with but three deaths It has, theie- 
fore, been demonstrated that the operation has been developed techically to 
a point where its mortality late, when one considers the magnitude of the 
procedure, is justifiable It has been demonstrated that these patients with 
no stomachs, and a loop of jejunum serving as a substitute for one, can main- 
tain themselves adequateljr as to health, activity, body weight and blood 
picture Time and further experience will deteimme the position of this 
opei ation foi advanced caicinoma of the stomach Its applicability, however, 
in sarcoma involving the entue stomach seems at its best since theie exists 
111 these cases, particulaily those of the leiomyosarcomatous type, even a 
possible prospect of cure in some of the cases showing low grades of 
malignanc}! 


CONCLUSIONS 

(1) Gastric leiomyomata aie by no means uncommon 

(2) They aie fiequently associated Mith hemorihage, occasionally ivith 
p}loiic obstiuction and, not infrequently, saicomatous degeneration 

685 



LAHEY AND COLCOCK 


Annals of Surgcn 
October 1040 


In any patient with hematemesis oi melena the possibility of this lesion 
should be kept in mind Because of the possibility of sarcomatous degen- 
eration, the tumoi should be removed by wide subtotal gastrectomy and even 
in the advanced lesions, involving the entire stomach, total gastrectomy may 
still be applicable and justifiable 
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CONGENITAL PYLORIC STENOSIS'^ 

Da^ id E Robertson, M D 

Toronto, Cvnvd^ 

The cause of congenital pyloric stenosis is not known, although theie 
are several theories Fraser^ subsciibes to Thomson’s- theoiy of the tuinoi 
being clue to ovei action of the stomach musculature and hence hypertrophy 
of the pyloius Huist^ says “It is clear that the obstiuction is due to some- 
thing which produces a much more poweiful lesistance than the simple 
absence of lelaxation (achalasia) The only explanation is spasm” He 
believes “it possible that the tendency to spasm of the pylorus is the expres- 
sion in an extremely exaggerated foiin of tlie constitutional condition called 
hyperthenic gastric diathesis, which manifests itself by hypertonus, hypei- 
peristalsis and hypei chlorhydna, and occurs much moie commonly in men 
than m nomen The diathesis is often present m seveial membeis of a 
family — this would explain the lare instances in which two and even three 
or four membeis of the same famil)'^ have hypei trophic pyloric stenosis ” As 
opposed to Hurst’s theory of hyperthenic gastiic diathesis and those theoiies 
which deal with the basis of its being m a hypei tonic clnkl, one has the 
subsequent histoiy of the cases that aie cured by opeiation My knowledge 
of the aftei -results is only of those cured by operative measines, and the 
subsequent histoiy of these cases is that of a normal individual In no case 
that we have been able to trace m oui senes has theie been any subsequent 
history of digestive disturbance that would suggest a disability such as duo- 
denal or gastric ulcer, or othei disease which may be associated with hypei - 
tonicity Strachauer,"^ and others, describe the lesion as having been found 
111 a seven-month fetus and in a stillborn child Cockayne’ believes the con- 
dition has a genetic basis though the way it is inheiited is still unceitam and 
an environmental factor may be necessaiy for its production m addition to 
a generic one The earl}^ age at which a well-marked tuinoi has been found, 
clinically and at operation, eight days in a case of this senes, weighs heavily 
in fa'vor of the condition being present befoie and at the time of birth, and 
this would seem to point to the genetic influence Added facts, such as more 
than one case in a family (m our series five siblings apart from twins), speak 
strongly foi the genetic etiolog} 

It IS a condition that is most fiequently found in the fiist-boin of a 
family In tins senes 51 8 per cent weie fiist-lioin This agiees with 
statistics published by othei authors, but it seems to be a high percentage and 
challenges a rational explanation The percentage of first-born childien m 
the total numbei of births is gi eater m urban communities, where families 
are small \'et even m such centeis first-boins predominate (Table I) 

Ihere is leasoii to believe that moie males aie conceived than females 
* Read l)etore the American Suigical Association St Louis, klo , ktaj i 2, 3 1940 
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Tablc I 

Cases of Pyloric Stenosis Average Births, Toronto 


Order of Birth 

Number 

Per Cent 

Number 

Per Cent 

1st 

144 

51 8 

4.748 

41 2 

2nd 

61 

21 9 

2,730 

23 8 

3rd 

41 

14 7 

1,627 

14 I 

4th 

i6 

5 8 

916 

8 0 

5th and over 

16 

5 8 

1,476 

12 9 

Total 

278 

100 0 

11,497 

100 0 


Since a study of eaily iniscai riages shows tlie percentage of males very high 
until figures at the time of birth show a slight pi eponderance only of males 
Males are, theiefoie, less lobust than females and have a pooier chance of 
surviving 

Twins, oi a sibling twin, may ha\e the condition Sheldon^ states that 
in 1,000 cases of congenital p3doiic stenosis, 1-434 cases is a twin sibling, 
while the ordinary r,ooo birth-ratio is 1-80 births In oui series, one case 
m 363 cases is a twin, while the ordinal y ratio foi Canada is 1-834'^ Coc- 
kayne^ describes two pairs of twins who weie fiist cousins, all four were 
proved to ha^ e congenital pyloi ic stenosis at operation The occurrence of the 
condition in monozyotic 01 maternal twins is almost positive proof of a 
genetic factoi being the producei of the condition In the cases recoided. 

Table II 

SUMMAR\ OF 12 CASES OF TWINS WITH P\LORIC STENOSIS 
Hospital for Sick Children, Toronto 


Year 

Initials of Twins 

Sex of Twins 

Tvpe of Twinning 

I 9 i 4 -i 9 i‘; 

R R 

S'* 

9 

Fraternal 

1917-1918 

R McG 

9 + 

d 

Fraternal 

1925-1926 

B M 

(Twin died Parents describe the twins 
as identical, December, 1939) 

d'* 

d 

Doubtful 


A G 

d* 

9 

Fraternal 

1927-1928 

Harv ey and Grant I 

(Reexamined November, 1939) 

d* 

d 

Fraternal 

1930-1931 

Ross and Donald McF 

(Reexamined December, 1939) 

d* 

d 

Fraternal 

1933-1934 

R W 

d* 

9 

Fraternal 

1935-1936 

William and Harry L 

(Reexamined December, 1939) 

d* 

d 

Fraternal 

1937-1938 

P W 

d* 

9 

Fraternal 

1938-1939 

Garry and Glen T 
(Examined 1938) 

d* 

d* 

Identical 


Robert and Richard G 
(Examined 1938) 

d* 

d* 

Identical 


Erla and Aria C 

(Examined 1939) 

9 * 

9 

Fraternal 


* The symbol * indicates the condition 

6SS 



\ olume 112 
Is umber 4 


CONGENITAL PYLORIC STENOSIS 


theie aie many lepoits of pairs of twins each having the condition, but fe^^ 
have been studied sufficiently to piove the type of twinning present Theie 
seems to be a reasonable doubt that identical tw ms are not both affected when 
the condition is found m one In oui series, there were 12 pans of twins, 
two pairs being identical twins All four had a tumor, proved at operation 
In all fraternal twins, one sibling onl)'^ was affected (Table II) Multiple 
births are knoAvn to produce a disturbance of growth, and this may prove 
to be an environmental factor influencing the hypertrophy of the plyorus 
This series includes all cases of congenital pyloric stenosis reaching the 
Hospital for Sick Childien There were 28 cases which had no opeiative 
treatment, some being diagnosed only at autopsy, and who had leceived treat- 
ment for some other condition Of those cases treated without operation, 
ten were discharged as improved and 18 died Of these cases dying, the cause 
of death is given as bronchopneumonia, otitis media and septicemia, marasmus 
and acute intoxication Of the cases submitted to operation, viz , 402, 52 
died subsequently fiom intoxication, malnutrition, decomposition, otitis media 

Table III 


C\SES BY YEARS 






Not 




No of 



Operated 




Operations 

Cured 

Died 

Upon 

Cured 

Died 

1914 

2 

2 





1915 

I 


I 

I 

I 


1916 

3 

2 

I 

3 

3 


1917 

7 

5 

2 

2 

I 

I 

1918 

II 

8 

3 

II 

5 

6 

1919 

9 

8 

I 




1920 

6 

4 

2 




1921 

15 

10 

5 




1922 

15 

12 

3 

I 


I 

1923 

12 

II 

I 

I 


I 

1924 

27 

22 

5 




1925 

14 

12 

2 




1926 

31 

24 

7 




1927 

15 

10 

5 

I 


I 

1928 

25 

24 

I 

I 


I 

1929 

30 

28 

2 

I 


I 

1930 

14 

12 

2 

2 


2 

1931 

20 

19 

I 

I 


I 

1932 

22 

18 

4 

I 


I 

1933 

14 

14 


I 


I 

1934 

9 

7 

2 

I 


I 

1935 

19 

19 





1936 

10 

10 





1937 

12 

12 





1938 

23 

21 

2 




1939 

36 

36 





Tot'ils 

402 

350 

52 

28 

10 

18 
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and geneial infection, and in a few cases, theie was a peiitonitis due directly 
to the opening of the duodenal mucous membrane (Table III and IV) 

Table IV 

CONGENITAL PYLORIC STENOSIS 

Hospital for Sick Children, Toronto — 430 Cases 

Males 352 — 81 9% Females 78 — 18 1% 

Place in family not known — 13 Others as below 


1st 

2nd 3rd 4th 

5th 

6th 

7th 

8th 

9th 10th 

213 

84 

61 31 

14 

6 

5 

2 

I I 

51 1% 

20 

I 14 6 74 

3 3 

I 4 

I 2 

0 47 

0 24 0 24 



Treated by Opera ti 

on 

Died 


Mortality 




19 14-1923 mcl 

81 

19 


24 4% 




1924-1933 

212 

29 


13 0% 




1934--1939 

109 

4 


3 6% 




1914-1939 

402 

52 


12 9% 




Not operated upon 

28 

18 


64 3% 



The symptoms of pyloric stenosis are occasionally found within a few 
hours aftei hirth Vomiting has been known to have occuiied as early as 
this and to have continued through until the condition was cured Of the 
symptoms that are piesent m the disease, vomiting will be found to be one 
of the most outstanding It is of a special chaiactei Inasmuch as it is the 
lesult of a pyloric obstiuction, it will be laige 111 quantity and be free of bile 
discoloration Loss of weight, which occurs in the normal infant foi two 
01 three days after its birth, will be found to continue on until, at three 
weeks, the infant may be less in weight than at the time of its birth In 
spite of the vomiting and the loss of weight, the patient will be found to 
have a splendid appetite It takes its nourishment with avidity The stool 
is found to be bile-stained, but may be small and scanty and bearing some 
1 elation to the amount of food that gets through the pyloius The infant is 
dehydiated, its skin is shi unken, and it has veiy little subcutaneous fat 
It IS fretful and cries a gieat deal Examination of the abdomen shows 
the abdomen scaphoid with visible peiistalsis to be seen to sweep from left 
to right, gaining in size and activit}"^ with the increased amount of food taken 
into the stomach When a fastigmm has been reached an explosive vomiting 
occuis which paitially empties the stomach The vomiting is characteristic 
m that the propulsion is such as to thiow the vomitus a considerable distance 
fioni the lips of the infant A stream may be shot out as far as 18 inches 
It comes out through the nasopharynx and nostiils On palpation of the 
abdomen, it is possible to feel an enlargement in the pyloric legion The 
tumor IS to be felt by examination of tiie hypergastric region on the light 
side Digital examination, just below the level of the costal margin and just 
lateial to the edge of the lectus, may palpate a haid nodule about the size 
of a large Iiickoiy nut This nodule is movable and is more easily felt when 
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the peristaltic wave in the stomach has lifted up the pyloiic nodule to a posi- 
tion wheie it IS moie supeificial 

Blood and urniaiy tests have no charactei istic changes of diagnostic value 

The diagnosis of this condition should be i datively simple The history 
of loss of weight, vomiting, visible peristalsis, m an infant, is to be con- 
sideied as a piobable case of pyloiic stenosis The eailiest case that has 
been operated upon by the wiitei was one eight da3'^s of age It was found 
to have a well-inaiked and definite tumor The symptoms may not appeal 
until two 01 three weeks aftei birth and then a history is given of a sudden 
onset At opeiation, a well-marked tumoi may be found, i\hich makes it 
difficult to explain why there should have been no obvious symptoms befoie 
the sudden onset 

In the diagnosis of a case of pyloiic stenosis the examiner should, m 
suspected cases, have the patient stripped of all clothing, lying on its back, 
with a good light on the abdomen The infant should be given some sweet 
water oi glucose solution m a nuising bottle, and, as it nurses, the uppei 
part of the abdomen should be observed As the patient fills his stomach 
the epigastric legioii will be seen to fill out, and, presentl}’’, waves of peiistalsis 
will be obseived to oiigmate in the left side of the abdomen and sweep acioss 
to the light With an inci easing volume enteimg the stomach the naves will 
be seen to met ease in magnitude and speed When they become very pio- 
nounced the patient is seen to stop nursing, diaw its legs up and ciy, and 
eventually when the waves have become of gieat magnitude, explosive vomit- 
ing occurs The stomach being emptied of the largei part of its contents, 
the child will immediately again take the bottle in an endeavoi to get some 
nouiishment It is an opportune time to palpate tbe light hypocostal region 
to examine foi the piesence of the plyoiic tumor The left hand lifting in 
the right flank of the patient assists the second fingei of the light hand to 
identify the tumoi in the epigastrium An examination which has demon- 
stiated visible peiistalsis with piojectile vomiting and the identification by 
palpation of a pyloric tumoi may be consideied as sufficient for diagnosis 
of an obstiuctive congenital pyloiic lesion A thin barium mixture may be 
given in oidei to obtain roentgenogiaphic veiification, but this type of ex- 
amination IS not to be encouraged as there is a ceitain dangei associated with 
the giving of barium to an infant who has pyloric stenosis The liabilit}' 
of the baiium pioducing an acute obstruction in the very narrow lumen of 
the pyloius is a leal dangei A piopei physical examination of the infant 
will give all the needed information to enable one to make an accuiate 
diagnosis 

The condition is best tieated by operation It has been claimed that the 
condition is amenable to well-supervised medical tieatment Yet such treat- 
ment, when successful is piolonged and difficult demanding the utmost in 
the parents’ devotion m the caie of a crying infant orer many months 
^^heleas operative inteiference lelle^es the obstruction of the pylorus 
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mediately, and one may expect the function of the stomach to be immediately 
restored m laige part or completely This condition lends itself perfectly 
to surgical inteiference It is surgery’s best operative procedure Any infant 
who has pyloric stenosis should be operated upon for the relief of the ob- 
struction 

Steps must be taken to make it a good operative risk The most important 
factor in the treatment of the infant is an early recognition of the condition 
Surgery undertaken before there has been serious interference with the 
patient’s health gives the best results, as is well demonstrated by the reports 
of Barrington Ward ® When the patient has been allowed to experience a 
starvation of sorts for weeks its general condition will be much affected 
Dehydration will be present and it must be overcome by the administration, 
intravenously, of suitable fluids, such as noimal saline, glucose 5 per cent, 
and blood When acidosis is present whole blood tiansfusions are indicated 
The infant can then be consideied safe foi opeiation There are no contra- 
indications for operation except the unfavorable condition of the infant, and 
this can generally he coriected by mtiavenous therapy m from 24 to 48 hours, 
to a degiee that will permit the surgical piocedure 

When operation is finally decided upon, the question of an anesthetic be- 
comes of importance In this series, almost all types of anesthetics have been 
tried The experience of the writer is that ethyl chloride and ether, or ether 
without the ethyl chloiide to initiate anesthesia, is much the best method 
Local anesthesia has not proved satisfactor}', as it is very difficult to restrain 
a struggling infant Inasmuch as the opeiation is simple and can be per- 
foimed m a very shoit period of time undei favorable conditions, a general 
anesthetic is the best It will be found most useful to have a small section 
of board about 24 inches long and six inches wide This boaid is padded 
The infant is laid upon this, with the legs bound to the board, somewhat in 
the manner of a papoose This airangement controls the infant, so that if 
it be not deeply anesthetized it cannot flex its thighs or move its legs Before 
the anesthetic is begun a catheter should be introduced into the patient’s 
stomach and the stomach contents withdrawn The stomach having been 
emptied, the anesthetist may proceed with the administration of ether Con- 
forming to the size of the infant’s face, a simple wiie mask covered with 
ten thicknesses of gauze is used 

Ope) a five Pioccduie — The skin is prepared by washing with soap and 
water, drying, and then appl3nng 2^/2 per cent iodine in 70 per tent alcohol 
Standing on the right of the patient, an incision is made parallel to the right 
costal margin and about one-half inch below it The innei extremity of this 
incision should be lateral to the edge of the rectus, and the incision need 
not be longei than 254 inches The skin and deep fascia having been divided, 
the external oblique is split in the direction of its fibers, the internal oblique 
IS then identified and split m the direction of its fibers The transversalis 
fascia and peritoneum are generally closely applied and can be divided as 
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one When this incision has been properly made through its entirety, the 
liver will be found to be exposed and will be blocking any attempt on the 
part of the abdominal parietes to extrude through the wound A finger can 
then be passed around the edge of the liver and one can immediately identify 
the hard tumor of the pyloius A pair of iing forceps without rubber or a 
pair of sponge foiceps are then used to grasp the stomach, and by delivering 
part of this the pyloric tumor is, usually, easily drawn through the wound It 
IS sometimes found that the tumor is veiy large and the wound may have to 
be enlarged to permit the deliveiy of it outside the abdomen The left thumb 
and forefinger then grasp the duodenum at the lowei extremity of the tumor 
and squeezing the fingers together presses the lowei pait of the tumor pre- 
senting m the duodenum toward the stomach The tumoi will be found to 
have an avascular line on its supeiioi boidei This superioi border is con- 
cave, the whole tumor having the appearance of a large cashew nut A 
simple incision about half an inch long and just deep enough to allow the 
engaging of the closed tips of tendon scissors is all that is required The 
closed points of these tendon scissors engaged m the wound aie spread The 
tumor will be found to split from end-to-end, and through its thickness, 
until the mucous membrane of the pylorus is seen appearing as a white and 
glistening structure in the bottom of the split When the tension is taken 
off the scissois in the split tumor this mucous membrane will be found to 
bulge into the split It is not necessaiy to divide every last strand of the 
tumor at its lower extiemity, and it is courting danger to attempt it All 
pyloric tumors pioject into the duodenum, as a cervix into the vagina When 
one endeavors to split the extremity of the tumor at its duodenal end, he 
will almost invariably open the mucous membrane and have soiling of the 
wound from stomach content, in addition to hemorrhage coming fiom the 
torn membrane When this event occuis it becomes necessary to suture this 
small opening as it has been known to produce peritonitis, which has ended 
fatally The writer believes that the squeezing of the duodenal end of the 
tumor, m such a fashion that it is expressed towards the stomach, permits 
one, when the tumor is split with the scissors, to have it sufficiently divided 
foi all practical purposes When the tumor has been sj^lit in the avascular 
legion. It will be found there is no hemorrhage occurring that requires any 
attention The tumoi is dropped back into the abdomen No steps are taken 
to covei the split in the tumoi by grafts oi fat oi strips of muscle The 
lower edge of the liver slides back into position, and one can close the peri- 
toneum and diffeient muscle layeis without interfeience of abdominal con- 
tents extruding through the wound The wwitei uses No o catgut to close 
the difterent layers, and No ooo chromic catgut m the skin The wound is 
dressed b}’^ apjilymg a small gauze strip ovei bismutb-formic iodide pow^der 
Ibis dressing is slightly laigei than the wound iMastisol is applied, sur- 
lounding the wound, and a section of gauze bandage is placed over the 
diessiiig and piessed on to the dr3nng inastisol and trimmed off, so that the 
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whole diessmg is not moie than two inches wide and three or four inches 
long 

Following the opeiation a transfusion of whole blood is administeied 
when it IS felt dehydiation or shock requires it 

Postopei ativc Feeding — One-half ounce of bieast milk four houis after 
opeiation Feeding inci eases one drachm every four hours until a total of 
3 oz q 4 h X 5 IS given, unless the child vomits, in which case the amount 
of feeding remains the same without any increase at the end of the foui-hour 
peiiod Aftei the amount of the feeding has reached 3 oz q 4 h x 5, it is 
changed back to the feeding gn'^en previous to operation, or staited on 2 pei 
cent LAM, 4-5 oz , q 4 h x 5 

We have found this tieatment satisfactory and see no reason why we 
should change it Recentl}'^, it has been suggested that no feeding be gnen 
for 24 hours following the opeiation This is based on the obseivation that 
infants vomit during the first 24 houis when they have been fed, and that 
baiium administeied shoitly after opeiation is not emptied promptly from 
the stomach In spite of this suggestion we feel that the infant should be 
fed four houis after operation and that occasional vomiting should not 111- 
teifeie with the routine of feeding 

We have had the cooperation of the staff in pediatrics, in the care of these 
cases The cases are admitted to then wards, and when operation is pei- 
formed the pediatiician still diiects the feeding and geneial care Without 
this cooperation the pioblem would be veiy difficult foi the surgeon 
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Discussion — Dr William E Ladd (Boston, Mass ) There is no ques- 
tion but that the advance 111 treatment of congenital pyloric stenosis in the 
last 25 yeais has been one of the most striking impiovements in the whole 
surgical field I find this a difficult papei to discuss because the tieatment 
has become so well standardized, because tbeie aie few conti oversial points 
and because I can find little 01 nothing to disagree with m Doctor Robeit- 
son’s paper 


R1 SULTS IN 765 CASES OF PI LORIC STENOSIS 


Years 

Number 


Mortality 

(Inclusive) 

of Cases 

Deaths 

Per Cent 

1915-1922 

125 

15 

10 4 

1923-1928 

150 

ir 

7 0 

1929-1931 

151 

3 

2 0 

1932-1935 

162 

8 

4 9 

1936-1939 

177 

I 

0 56 
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Duiing the early pait of the iDeiiod, aftei we had adopted the present 
opeiation of pyloi omyotomy, I believe our high mortality was laigely due to 
having poor iisk patients and to an inadequate knowledge of how to combat 
dehydiation Both of these handicaps have been laigely overcome The 
pediatrician now leahzes that this condition is a suigical pioblem and lefeis 
the patient earlier, and our knowledge of fluid balance has been greatly un- 
proved Hovever, in spite of this situation, complications still aiise which 
sometimes prove fatal 

In the eailier series, lepoited in the hteiatuie, some fatalities weie le- 
poited fiom hemoiihage from the cut pyloi us This can be avoided by 
selecting, foi the incision, the bloodless aiea on the superioi suiface of the 
pyloric sphinctei Cutting thiough the mucous membiane at the duodenal 
end of the pyloi us is an erioi which it is easy to make I think every membei 
of my staff, including myself, has made this mistake once — but only once, 
and in no instance has a peiitonitis lesulted This enor is seiious only if it 
IS not recognized — then a fatality will probably follow 

Disiuption of the wound has taken place seveial times m oui senes and 
in one instance caused a fatal peiitonitis 

The several factois involved m this failuie of wound healing are prob- 
ably subchnical scuiv3% low piotein and edema, and technic of making and 
closing the incision Duiing the last two years w^e have given all these 
patients vitamin C befoie and aftei operation to overcome the first factoi 
We have probably paid too little attention to the question of low’’ seium 
protein We have varied our technic of w^ound closuie The last type of 
closure employed has consisted in medial reti action of the rectus muscle 
and closure by layeis \vith silk supplemented by stay sutuies to, but not 
through the peritoneum Doctor Robeitson’s suggestion of a giidiion in- 
cision under the costal bordei and outside tlie rectus muscles has many 
obvious advantages and I plan to adopt it at the next oppoitunity 

The suggestion lecentl} laised by Faber and Davis, of San Fiancisco, 
that feeding be withheld foi a peiiod of 24 hours, 01 moie, does not appeal 
to me as being sound Our present feeding legimen Avhich is similai to 
Doctor Robertson’s has ptoved eminently satisfactoiy 

Dr Albert O Singleton (Galveston, Tex ) I wosh to discuss one 
phase of the problem of pyloric stenosis which Doctoi Robeitson has so ably 
presented, and this has to do ivith the incision which is employed 

The accompanying illustration (Fig i) illustiates the type of incision we 
have found veiy advantageous It is made quite fai to the light, since the 
pylorus in infants will be found much furthei to the 1 ight of the midline than 
in adults With the posteiioi sheath of the rectus split in a tiaiisveise diiec- 
tion, sufficient room is obtained With the pylouis delivered into the wound, 
theie IS no room for the evisceration of tlie small intestine and omentum, 
wdiich may happen in these infants wnth then tremendous mtia-abdominal 
pressure This is pai ticulai 1 )^ noticeable under local anesthesia wdnch we 
aie in the habit of using Also, postoperative disruption cannot occui 
Doctor Robinson’s suggestion of making the incision still fuithei to the 
right, even outside of the rectus muscle, may be a very good one 

Dr Edw'^ard J Donovan (New York, NY) I was very much inter- 
ested m Doctor Robeitson’s papei on pyloi ic stenosis, since he has bi ought 
out a great many facts, particularly in regaid to the twnns, that I have not 
heard discussed in relation to pyloric stenosis befoie We have had no 
identical twnns in our senes, and my expeiience with this condition consists 
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of about 425 cases that I have opeiated upon personally Oui cases have 
followed those of Doctor Robertson veiy closely We have found that the 
condition occurs about five to seven times more often in boys than m girls, 
that IS, there are between 14 and 18 girls in each 100 cases All nationalities 
are repiesented, and in a city where there is a large colored population theie 
aie about two colored children in each 100 cases 

We do not know any more about the etiology than anyone else, but have 
felt, because we have had seveial cases 111 piemature infants with pyloric 
tumors that wei e very easily palpable, that the tumoi was congenital in origin, 
and an associated pyloiospasm caused the onset of symptoms between the 



Tig I — Drawings showing (i) the position of the incision eniplojed, (2) the approach to and (3) the 
delivery of the p>loric hypertrophy, and (4) the method of closure of the wound 


second and fifth weeks We employ the Fiedet-Rammstedt operation with 
a very high right rectus incision and letract the right lobe of the liver up- 
wards m order to reach the pylorus I think Doctor Robertson’s incision 
may be bettei than the right rectus because we have occasionally found that 
it IS difficult to deliver the pyloric tumor through this high right rectus in- 
cision I will try some cases using Doctor Robertson’s incision 

The operation that we perform is exactly the same as that done by Doctor 
Robertson except that we use a curved mosquito clamp to spread the muscle 
surfaces instead of scissors 

We believe in feeding these babies very promptly ofter operation We 
give them 15 cc of water two hours after operation, and their first feeding, 
which consists of breast milk and barley water, three hours after operation 
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Very few of thebe babies vomit aftei opeiation, if you empty the stomach 
completely in the operating room 

We use ether m all cases and pass a stomach tube and completely empty 
the stomach before we make the abdominal incision 

We have concentrated most of oui attention on bunging the inoitahty 
down When I started my senes we weie still operating upon them as 
emergencies I lemembei veiy well going down to the Babies’ Hospital one 
Sunday afternoon and operating upon one who had been sent in by a 
pediatrician, and the indication foi operation in those days was that the 
baby was vomiting everything No one seemed to give any thought as to 
whether the baby was able to stand such an operation oi not We have, in le- 
cent yeais, concentiated a great deal of oui attention on the pieopeiative prep- 
aration, particularly the restoiation of the fluid balance, and feel that the 
amount of vomiting is ununpoitant Sometimes it takes between four and 
five days to piepare these babies for operation In 1931, I lepoited my 
first 100 cases with one death and have had no deaths since then In 1935, 
I repoited 243 cases with the same one death Last yeai, I leported 350 
with the same death, and since that report I have had about 60 more and 
have lost none 

Dr Edwin M Milldr (Chicago, 111 ) I hesitate to discuss a paper pie- 
sented by one who has had a much wider experience than I in this field 
During the past 20-odd jears my experience has been limited to about 40 
Rammstedt opeiations My object m discussing this paper is to say that I 
feel one seldom has an opportunitr to giossly and micioscopically examine 
the pylorus of an infant upon whom this opeiation has been performed some 
time previously This opportunity has come to me recently 111 a case that I 
operated upon in September, 1939 — an infant, at that time two months old, 
weighing less than birth weight, presenting a typical pictuie 111 all respects 
with a definitely palpable pyloric tumoi 

Last month this infant died of some cerebral disturbance, and they found 
in the records that I had operated upon the baby six months previously 
They w^ere kind enough, therefore, to turn the specimen over to me for ex- 
amination 

I made a photograph, wdiich was not a very good one, shownng the duo- 
denal mucosa and the anterior sui face of the pylorus I w^as surprised to 
find, on pathologic examination, how^ smooth this area w’^as and the verv 
little scar in this region Tiansverse sections W'^ere made thiough the cential 
portion of the pylorus, and the gross appeal ance across the center of the 
pyloius, apparently, differs somewdiat, I wmuld say, fiom the conception as 
illustrated in one of Doctor Robertson’s photographs Microscopicallv, it is 
difficult to decide where the incision had been made , that is, it w’’as difficult 
for our pathologist to decide He could not positively say, aftei thoioughly 
looking at this section a few days ago, where the incision had been made, 
but because of the thinner aiea 111 one quadrant I imagine that is the point 
wdiere the operation had been performed 

Dr Warren H Cole (Chicago, 111 ) Appaiently we all agree that one 
of the most important features in bringing the mortality rate down 111 this 
disease lies m the fact that we are paying moie attention to the electrolytic 
and fluid balance and bringing them up to normal befoie submitting these 
patients to operation As some of the discussers have already mentioned, 
It is important to evacuate the stomach before the child is sent to the op- 
eiatmg room This wnll help the anesthesia and, ceitainly, will lead to a 
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smoother postopeiative course, it may be necessaiy to evacuate the stomach 
again at the end of the opeiation it the child has swallowed a great deal 
of an 

It IS likewise agreed that eithei geneial or local anesthesia may be used 
I prefei local, and if, pi eoperatively, a mild sedative, such as second or 
nembutal is given, the local anesthetic will behave much better I have never 
seen an)'^ ill effects fiom mild sedation of this style 

A second veiy important featuie in the progress of the child postoper- 
atively lies m the question as to how well the feedings are letained I am 
quite convinced we can control this phase of convalescence to a large extent 
by watching the amount of feedings I heaitily agree that we should start 
feeding these children a few houis aftei opeiation, and should increase the 
amount lapidly up to about a normal feeding However, if vomiting becomes 
significant during the course of the first few days, feedings should be i educed 
immediately to one-half the oiigmal amount, and increased gradually In my 
experience this will almost invariably stop the vomiting We will certainly 
giant that if ovei a given peiiod of time a child took ten ounces of food 
and vomited eight, the situation would be much woise than taking five and 
vomiting none 

I should like to heaitily endorse Doctor Ladd’s statement about the use 
of vitamin C I think this phase of therapy is tremendously impoitant, and 
when you add closuie of the wound with silk to that piecaution, the incidence 
of wound disruption will be reduced practically to zeio 

I wish to call attention to a final, and not insignificant point, namely, that 
a good spirit of cooperation ^\lth the pediatrician must be attained lest he 
attempt to tieat these infants too long medically 

Dr Walter Estell Lee (Philadelphia, Pa ) It would seem that noth- 
ing could be added to this discussion of the subject of congenital pyloric 
stenosis because everyone at the present time seems to be in agreement I 
would like to express my peisonal appreciation of the suggestion of Doctor 
Robeitson that a gndiion incision should be made in the subcostal legion to 
the right of the semilunar line I too have found, as Doctor Ladd has said, 
that the muscle-splitting incision is usuall)'^ too far medially to be ideal 

May I suggest the addition of two proceduies to the technic Foi some 
ten yeais, we have opeiated entiiely under local anesthesia After the pre- 
limmai)' admmistiation of luminal or nembutal, we give the child, shortly 
befoie opeiation, a sugar teat to suck You may be surpiised to heai that 
in the Quakei City the so-called sugai teat is made up of ten drops of pare- 
goric and ten diops of whiskey oi biandy to one ounce of a 5 per cent glucose 
solution You will, likewise, be suipiised how the babies take to this mixture, 
and also, moie or less, amused by how piomptly thej'^ become happily in- 
toxicated 

The other suggestion has resulted fiom the observations of one of my 
assistants, Doctor Summey In the past, one of our gieatest difficulties, and 
most embarrassing complications, has been the failure to obtain primary 
union of the celiotomy Avound in but a small proportion of cases This in- 
volves merely the skin and the subcutaneous tissues not the muscle sheaths, 
and we have not as yet had a wound disruption After the removal of the 
skin sutuies these infections piomptly heal and we haA'^e had no herniae de- 
A^elop Doctor Summey had been experimenting independently, and I Avas, 
eventually, informed by the nuise that they never had a breakdoAvn in their 
Avounds, as I did in mine l The explanation, apparentljL is due to the fact 
that they haA^e been using tin ough-and-through unabsorbable mass sutures 
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which pass thiough skin, subcutaneous tissues, muscle and peiitoneum, and 
which are then tied over lolls of gauze aftei the skin edges have been ap- 
pioximated by intenupted mattress sutuies of silk Since employing this 
technic I have had pi unary union m eveiy case This, of couise, is in hue 
with Doctoi Lahey’s contention that in the closuie of celiotomy wounds it 
IS not necessary to employ layer sutuies, and that thiough-and-through sutures 
of nonabsoibable mateiial, down to the peritoneum, lesult m the lowest in- 
cidence of wound complications It seems leasonable that the tissues in 
infants ma} not be capable of handling too much foieign body m the foim 
of sutuie material 



Fir I 


Dr D E Robertson (Toronto, Canada, closing) It may be of interest 
to deinonstiate by a drawing the gioss specimen fiom a child who died of 
pneumonia three or four months aftei operation, which is a true repi esentation 
of the condition pieseiit in the stomach (Fig i) In the pathologic specimen, 
just a thin layer of fibrous tissue covering the mucous meinbiane is to be 
seen It is quite smooth externally and theie is no muscle la3^ei to be found 
In regard to the incision, I do believe that the best incision is the gridiron 
incision which can be closed by layers, and I think one should use No o 
chromic catgut I use No ooo chiomic catgut in the skin Chromic catgut 
IS used as I believe it is less irritating than plain catgut When a sterile 
diessing is applied over the wound, with mastisol to hold it on, the wound 
need not be disturbed for ten days to two weeks 
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The neurogenic tumors of the abdomen present man}'^ diversified and 
inteiesting features, both from tlie clinical and pathologic aspects The 
purpose of this paper is a consideiation of the clinical and pathologic features 
of i8 neive sheath tumors and an attempt at their coi relation The neuro- 
blastic tumors of the sympathetic and chromaffin systems were purposely 
excluded from this leport (Table I) 

Table I 

abdominal neoplasms or npurogenic origin 

I Nerve Sheath Tumors 
A Benign 

1 Neurolemmoma (schwannoma — penneunal fibroblastoma) 

2 Neurofibroma (of type associated with von Recklinghausen’s disease) 

3 Cirsoid or plexiform neurofibroma 

4 Ganghonated neurofibroma 
B Malignant 

I Neurogenic sarcoma 

II Neuroblastic Tumors of Sympathetic Svstem 

1 Sympathoblastoma 

2 Paraganglioma 

3 Ganglioneuroma 

Fmh yology and Anatomy — To undei stand the histogenesis of the nerve 
sheath tumor, a biief review of the embryology and anatomy is essential 
These tumors arise from the abdominal autonomic nervous system 

A peripheral nerve consists of an axis cylinder (neunte) which may or 
may not be invested by a medullary sheath (myelin) which is a product of 
the neunte The next layei is the neurolemma, or what is commonly 
known as the sheath of Schwann This is of neuro-ectodermal origin and 
IS composed of a syncytium of Schwann cells The third sheath is known 
as the sheath of Henle (or endoneurium) which is fibroblastic in character 
and consequently of mesodermal origin This constitutes a single nerve 
fiber Bundles of nerve fibers constitute fasciculi, and these are surrounded 
by a connective tissue layer known as the perineurium About the entire 
neive with its component fasciculi is a third connective tissue sheath, known 
as the epmeunum 

The neunte arises from the medullar}'- crests The sheath of Schwann 
also has been shown, by ingenious and meticulous experiments by Harri- 

* Read before the American Surgical Association, St Louis, Mo , Maj 2, 1940 
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son/’- to be neuro-ectodeimal in chaiacter and to be deiived from the 
ganglionic crests 

Virchow, in 1863, divided the tumors of the peiiperal neives into two 
groups, the false neuromas and the true neuiomas The tiue neuromas weie 
those composed of neive fibeis or nerve cells, while the false neuromas arose 
from the nerve sheaths According to the piesent day conception, the only 
tiue neuromas are those aiising from the piimordial cells of the sympathetic 
and chiomaffin systems and are neuroblastic in charactei, while the false 
neuromas aie composed of a combination of sheath cells f Schwann cells) 
and a vaiying degiee of fibioblastic tissue 

In reviewing the literatuie, one ^\lll find that theie is no unifoimity of 
opinion as to the histogenesis of nerve sheath tumois Veiocay,'^ Masson,"^ 
and Antoni'’ feel that these tumors aiise from the sheath of Schwann, and 
thus aie of neuro-ectodermal origin Malloiy*’ and Penfield*’ ^ believe 
that the}^ aiise from the connective tissue sheath of Henle, and thus aie of 
mesodermal oiigin Othei obseiveis believe, as we do, that in the piesent 
state of oui knowledge, one cannot state with ceitamty the exact site of 
origin, for both types of tissue aie said to form similar inteicellulai substances 
and to have the same histologic architectuie Special staining methods are 
still not specific enough to differentiate between these tissues to decide this 
problem We do feel, however, that ceitain of the nerve sheath tumors, 
which we have designated “neurolemmomas,” aie composed primaiily of 
Schwann cells, while there are othei s, such as the neurofibiomas, that aie 
composed of both Schwann cells and fibrous tissue These lattei tumors are 
usually found associated with a generalized neuiofibromatosis (von Reckling- 
hausen’s disease) The neurogenic tumois of the abdomen are usually sohtaiy 
and not associated ivith either multiple abdominal or cutaneous tumors How- 
ever, as Stout^** comments unless one is particulaily interested m this 
problem, the stigmata of von Recklinghausen’s disease are often overlooked 
In only two of our 18 cases was there evidence of such a constitutional 
disorder 

The benign neive sheath tumors are of four types (i) The neuro- 
lemmomas (schwannomas, or penneurial fibroblastomas) , (2) the cirsoid 
or plexifoim neurofibromas, (3) the neuiofibromas of the type associated 
with a generalized neuiofibromatosis, and (4) the ganglionated neurofi- 
bromas 

The aifnm foi the diagnosis of the neuiogenic tumors iveie based upon 
the presence of specific histopathologic features characteristic of these tumors 
as demonstrated by special staining methods Each neoplasm was thoioughly 
studied by special differential stains known to be of tbe utmost value in 
differentiating these tumors from othei neoplastic lesions within the abdomen 
The stains used were hematoxylin and eosin, Masson’s tnchrome, Mallory’s 
phosphotungstic acid hematoxylin, and Perdrau’s method for silver impregna- 
tion of reticuhn In Masson’s tnchrome stain, the Schwann cells stain pink 
and have pink protoplasmic end processes which anastomose with similar 
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end piocesses of the neighbonng cells to form a syncytium These end 
processes are encased m av sheath of greenish-blue staining collagenous-hke 
material The laige wavy collagen fibers stain a deeper greenish-blue 
Mallory’s phosphotungstic acid hematoxylin stain stains the Schwann cell a 
pinkish-bi own and the nucleus blue The reticuhn about the cells appears a 
yellowish-bi own and the lai ger wav}'' collagen fibers ai e oi ange-bi own 
Perdrau’s method of silver impregnation stains the leticulin black and gra}'- 
black while the collagen fibers appeal violaceous 

New olenimoinas — The abdominal neuiolemmomas aie confined laigely 
to the stomach and retropeiitoneal legions While they are laie in the abdo- 
men, they have been repoited more frequently m the thoiax, neck, tiunk, and 
cxtiemities Furtheimoie, they aie not necessarily solitaiy neoplasms foi 
they may be associated with von Recklinghausen’s disease These tumors were 



Tig I — Case 3 L P Actual size section of n tastne neurogenic sarcoma (Pig 11 A) showing its 
origin m the submucosa the deep penetr itmg ulcer, and the uhorled cut surface 

first described by Verocay, in 1910, and called b}- him neurinomas In the 
gastro-intestmal tiact, the}^ arise fiom the sheaths of the sympathetic fibeis 
of the submucosal and myenteiic plexuses They aie repoited as having a 
piedilection foi the myenteric plexus of Auerbach, but of five gastiic cases 
m which this could be determined, two can be definitely shown to aiise in the 
submucosa as shown in Figure i, and three in the subserosa Of the three 
intestinal cases, two arose in the submucosa, and one in the intermyenteric 
region Definite attachment to nerves, however, was impossible to demon- 
sti ate 

Gloss Cha> actcustjcs of N ew oleuimomas — Neurolemmomas are usuall}' 
well encapsulated, slowly expanding neoplasms They may be either solid, 
or cystic — usually the former In only one of our cases was there marked 
cystic foimation, as will be described later There may be numerous small 
aieas of cystic degeneration ot small caliber throughout the tumor which 
may give it a spongy consistency These tumors are usually of moderately 
firm consistency, being less firm than a carcinoma or pure fibroma The 
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contoui IS oval, or round, and frequently nodulai The cut surface often 
has a whoiled appeal ance and ranges from a giay to a gi ayish-yellow or giay- 
ish-pink coloi with scattered hemorrhagic areas appearing red The yellow 


A 



Tig 2 a — Case 2, R B Pliotomicroprnph of a gastric neuro 
lemmoma (Fig 10 A) showing marked palisade form ition (Antom 
Tjpe \ tissue) (H and E stain) 

B — Case 8 G K Photomicrograph of a neurolemmoma of 
the gastrocolic ligament (Pig 14 A) showing interlacing bands 
whorls, and palisade formation (ilallorj s phospliotungstic acid 
hematoxjlin stain) 

areas are the result of necrosis The tumors composed of Antoni’s Type B 
reticular tissue are sard (Geschicktei^") to be larger in size when first recog- 
nized, gelatinous in consistency and to present a translucent gray-appeanng 
cut surface A characteristic gross feature of the gastric neurolemmomas is 
the deep-seated ulcerations of the mucous membrane surface 
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Histopathology of N eiu olemnwmas — For the histopathology of neuro- 
leinmomas (Schwannomas, permeurial fibroblastoinas) we are indebted to 
the painstaking researches of Masson, Veiocay, Antoni, Mallory and Penfield 
There are certain definite characteiistics that identify them as neurolemmomas 
Antoni states that they are composed of two types of tissue, which are known 
as Antoni Type A tissue and Antoni Type B tissue Rarely is a neuro- 
lemmoma composed entirely of one type of tissue to the exclusion of the 
other One type usually predominates, but both types may he found in var} - 
mg quantities The Type A tissue is oiderly in character, consisting of 
palisaded rows (Fig 2 A) of slendei elongated cells with blunt ends which 
give rise to long, thin, anastomosing protoplasmic end processes which 
anastomose with similar ramifications from neighboring cells to form a syncy- 
tium These anastomosing end processes are covered by a thin layer of 
collagenous-hke material Throughout the tumor are seen large wavy collagen 
fibers The nuclei are narrow, elongated, hyperchromatic and appear to be 
of an adult type The important feature of this type is the palisade formation 
in which the cell nuclei he parallel to each othei There is also a charac- 
teristic whorl formation of interlacing cords of cells (Fig 2 B) which differ 
from the whorls seen m fibromas Masson accounts for the palisaded effect 
by Schwann cell pioliferation m a longitudinal manner within the endo- 
neurium The palisading may not be found in all neurolemmomas There 
may be present only whorhng, mtei lacing bands and reticulai type of tissue 
(Antoni Type B tissue) The tumors least likely to become malignant are 
those showing the most stiikmg palisade arrangement 

Antoni’s Type B reticular tissue is a loose meshed somewhat edematous 
or myxomatous appearing tissue without diffeientiation or orientation of the 
fibers (Fig 3) Antoni believed that there was a jelhfication and swelling 
of the collagenous fibrils and sheaths This supposedly results m a separation 
of the tumor cells without interrupting their anastomoses to give a reticular 
architecture which takes the silver stain as shown m Figure 4 This belief 
IS similar to that of Masson who contends tliat the reticulai type of tissue 
results from degeneration 

Ple'Xifojui 01 Citsoid Neu) ofib} ovias — Plexiform neurofibromas appear 
to be a manifestation of a more constitutional disease There were no 
examples of this type in our senes One of oui patients who had neuro- 
fibromas of the jejunum also had an extensive plexiform neurofibromatous 
involvement of the pelvis, prostate, periprostatic tissues, scrotum, left buttocks, 
and thigh The plexiform neurofibromas result from an overgrowth of both 
the fibrous and schwannian elements of the nerve sheath within the peri- 
neurium, so that there is a large, tortuous, twisted, matted tumor mass 
attached to and often extending along the course of a nerve This condition 
IS known as elephantiasis nervorum In none of these cases, even by tbe 
use of special stains, has it been possible to detect an actual proliferation of 
tbe nerve fiber (neurites) proper Plexiform neurofibromas are seen in a 
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i^ounger age group, fiequently being present at biith They aie most com- 
monly found about the head, face, and neck Because of their proximity 


Fig 3 





Fig 3 — Case ii, J S Photomicrograph of a retroperitoneal 
neurolemmoraa demonstrating the reticular t>pe of architecture (Antoni 
Tjpe B tissue) (Masson’s trichrome stain) 

Fig 4 — Case ii, J S Photomicrograph, following Perdrau’s 
method of siher impregnation, demonstrating the fine reticular archi 
tecture and the larger ivarj coll igen fibers of the microscopic section 
shown in Figure 3 

to important structures, and the fact that they extend far along the nerve 
trunk M’lthin the perineurium, complete local excision is often impossible 
N ew ofibi omas — The term neurofibroma has been used by us to include 
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those neive sheath tumois which are usually found associated with a heiedi- 
taiy generalized neuiofibroinatosis (von Recklinghausen's disease) In this 
condition, there is a congenital disturbance of the nerve sheaths lesulting in 
multipk subcutaneous nodules, tumors of the deeper nerve tiunks, and patchy 
pigmentated areas These patients often have associated skeletal disturbances 
and mental deficiency The neui ofibi omas may, upon occasion, be isolated 
tuinoi s 

Stiucturally, the neuiofibromas differ from neui olemmoinas in that there 
aie bands of elongated spindle cells occasionally ai ranged in ^\holls but which 
often have no characteristic ariangement They diffei further in that theie 
IS a larger component of fibrous and fibroblastic tissue (Fig 5) Theie is 
little doubt that in the neui ofibi oma, there is a piohfeiation of both the cells 
of the sheath of Schwann, and those of the endoneurium and perineurium, 
while the neuiolemmomas are composed piimarily of Schwann cells Neuro- 
fibromas, likewise, may become malignant and give use to spindle cell sai- 
comas The incidence of sarcomatous pi ohferation in neurofibromas 
associated with von Recklinghausen’s disease has been quoted by HosoF'* 
as being about 13 pei cent 

Ganghonalcd N cw ofibi omas — Ganglionated neurofibi omas (Fig 6) may 
be either neuroleinmoinas or neui ofibi omas They aie tumors aiising from 
the sheaths about ganglia The ganglion cells are of an adult type and take 
no active pait in the tuinoi growth They diffei from ganglioneuromas, in 
that the latter aie relatively diffei entiated neuioblastic tumors in which the 
tumor cell is the ganglion cell and commonly have associated with them the 
more iinmatuie cells of the sympathoblast and neuroblast The abdominal 
ganglionated neurofibi omas are invariably 1 etropei itoneal tumors They 
aie slowly growing and well encapsulated Because of then location, they 
usually have obtained considerable size when fiist diagnosed and are conse- 
quently 1 emoved with difficulty 

N em ogenic Sai comas — As to the origin of neuiogenic sai comas, there 
aie two possibilities One is that they arise upon neurolemmoinas , the other 
IS that they arise as sarcomas In suppoit of the fiist view are the numeious 
cases repoited in the literatuie m which incomplete excisions of neurolein- 
momas have resulted in malignant lesions later Also, in cases of neurogenic 
sarcomas examined for the first time, aieas may be found in which the original 
architecture of the neurolemmoma ispreseived (Fig 7 A and B) In suppoit 
of the second view aie those small incidental tumors removed at time of 
other operations, which histologically are shown to be sarcomatous The 
most convincing evidence favois the fiist view The criterion of the 
neurogenic origin of these sarcomas was based upon the presence in them 
of areas characteristic of neuiolemmomas There weie many other abdominal 
tumors that undoubtedly were neurogenic in origin but were not included 
because of the lack of demonstrable evidence 

The neurogenic spindle cell sarcomas do not have the same prognostic 
significance as othei types of malignancies Our experience closely simulates 
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that of otheis, that even though they are leported as malignant, in the niajonty 
of cases they fail to give use to distant inetastases but tend to remain locally 
malignant Stout found that 74 pei cent (48 of 65 cases) of peripheral neive 


Fig s 



Fig 6 


Fig 5 — Case 7 D G Photoniicrogiapli of an intestinal 
nemofibronn showing the irregul ir pattern of schwnnnnn and 
fibroblastic tissue 

Fig 6 — Case 12 J S Photomicrograph of a ganglionated 
neurofibroma showing the presence of mature ganglion cells 

neuiogenic tuniois recuiied following excision but in only 20 pei cent (18 
of 91 other similar cases) did they sho\\ evidence of inetastases 

Gloss Chat act ei istics of New ogemc Sa) comas — Grossly, these neoplasms 
are of two types depending upon their location The first are the large, 
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dififusely infiltrating neoplasms found in the retioperitoneal regions and mesen- 
teries, and the second, the sarcomas found either in the gastro-intestinal 
tract, or incidental to othei lesions foi which the operation was performed 


A 



B 


Fig 7 A — Case 3 L P Photomicrograph of the benign 
region of a gastric neurogenic sarcoma (Fig ii A) a\hich demon 
strates the palisading and reticular type of tissue (Mallory’s 
phosphotungstic acid hematoxylin stain) 

B — Case 3, L P Photomicrograph of the sarcomatous 
region of the gastric neurogenic sarcoma (Figs ii A and 7 A) 
demonstrating the loss of the original type of architecture 

The filst group is characterized by a laige, nodulai, solid (occasionally cystic), 
knotted mass that can be palpated diffusely infiltrating the adjacent organs, 
and often matting intestinal coils together The cut surface usually shows 
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large, soft, necrotic aieas appealing yellow, and othei led hemonhagic and 
cystic aieas The cystic areas contain a gelatinous substance No evidence 
of encapsulation is noted The second type, which aie usually found arising 
in the gastro-intestinal tiact, aie often hour-glass or oval in shape, solid in 
consistency, and encapsulated except for an occasional bieak in the capsule 
where infiltration is seen The saicomatous piohfeiation may take place 
within the tumoi and no evidence of an infiltiative border be piesent This 
IS especially true of the neoplasms arising upon the seiosal suiface 

Histopathology of Neiaogemc Sm comas — Histologically, the neuiogenic 
sarcomas aie composed of lalhei plump, hypei chi omatic spindle cells with 
an occasional mitotic figuie (Fig 7 B) The cells and nuclei may be of 



Fig 8 — Case 9, D E Photomicrograph of an hepatic 
metastasis of the mesenteric neurogenic sarcoma seen in F igure 1 5 
Section demonstrates suggestne palisading e\en in the nietastases 
(H and E stain) 


various shapes and are less diftei entiated than those seen m the neuiolemmoma 
The cytoplasm is often scanty The laiger portion of the neoplasm has no 
charactei istic aichitectuie which uould diflfeientiate it fiom othei spindle cell 
sarcomas However there usually persist ceitam areas of whorhng, inter- 
lacing bands of cells or palisades which identify its origin (Fig 7 A) For 
the most pait, palisade foimation is either scant, just suggestive (Fig 8), 
or entirely absent The leticulin as well as the laigei wavy collagen fibers 
aie decreased in numbei and size It has been reemphasized by Stout that 
the greater the number and thickness of the collagen fibeis, the slower the 
growth will be, and the less likely the occui rence of metastasis 

General Clinical Featiaes of Neiiiolemmomas^ Nemo fihioinas and Nemo- 
genic Sai comas Since the neoplasms undei discussion aiise from the invest- 
ing sheaths of peripheral nerves, both somatic and s)unpathetic, it is possible, 
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theoretically at least, for them to occui m all parts of the body Clinical obser- 
vations, as evinced by the many cases recorded m the hteratme, show that the 
tumois have a piedilection foi certain sites such as the neck and the extremi- 
ties, and that they aie not uncommon in the thoiax Generally speaking, they 
are not fiequently encounteied among the structuies of the abdominal cavity 
With legaid to their incidence m the various portions of the alimentary tract, 
again curious differences aie noted Thus, while certain organs such as the 
esophagus, colon and rectum seem to be singularly immune, in the stomach 
these tumors are lelatively common Unlike many of the more commonplace 
abdominal neoplasms, the neurogenic tumors aie often discovered in unusual 
01 even bizarre places such as the mesenteries, omenta or reti operitoneal 
spaces Since they are expansively growing neoplasms, as their size increases, 
even in the case of the nonmahgnant lesions, adjacent structures such as the 
stomach, intestine or colon may become secondarily involved in the neoplastic 
process Such secondary involvement at times necessitates extensive or for- 
midable operative procedures m order to eradicate the growth completely 
Even in the unmistakably malignant lesions (neurogenic sarcoma), 
distant metastases do not take place until relatively late in the disease In 
only three of the eight neuiogenic sarcomas in this series were distant 
metastases observed Thus, since even the sarcomatous lesions tend to remain 
localized foi a long period of time, prompt recognition of their presence and 
radical surgical removal will very frequently be followed by good end-results 
Since the dividing line betw^een the neurolemmoma and the neurogenic sar- 
coma is a somewhat aibitrary one, depending laigely upon the degree of 
cellularity of the grow'th, and infiltrative tendencies, and since different areas 
of the same tumor may exhibit different histologic features, none of these 
tumors IS to be regarded as entirely innocent, and prompt surgical removal 
of any such tumor is urgently demanded It seems moie than likely that a 
neurolemmoma may, at any time during its life history, assume malignant 
properties and become capable of giving rise to distant metastases Study of 
the micioscopic sections m seveial of our cases affords convincing evidence 
of this fact This same point has been stressed b)'^ Harnngton,^^ wdio reports 
excellent lesults from surgical tieatment in a comparatively large series of 
mtrathoracic neurofibiomas He believes that early lemoval is clearly indi- 
cated since sarcomatous proliferation may take place at any time 

In our own personal expeiience the results from surgical treatment of 
the various foi ms of internal nerve sheath sarcoma have been more satis- 
factory than has been the case when dealing wnth similar lesions situated on 
the surface of the body and particularly with those arising from the laige 
nerves or nerve trunks of the extremities From a rcMew of the literature, 
one gains the impiession that others have had similar experience 

New ogenic Twno)s of the Stomach — Of the i 8 neurogenic lesions com- 
prising the series, six w^ere neurolemmomas, three neurofibromas, eight neuro- 
genic sarcomas, and one a ganglionated neurofiliroma (Table II) Seven 
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Taiux II 

Neoplasm 
Neurol emmoma 
Neurofibroma 
Neurogenic sarcoma 
Ganghonated neurofibroma 

Total 

of these weic located in the stomach, thice m the intestines, two in the iiiescn- 
tenes, and six in the i cti opci itoncal space (Table III) 

Tmui III 

niSTRUU TIO\ 

Location 
Stomach 
Intestine 
Mesenteries 
Retroperitoneal sj) ice 

Total 1 8 

Due to the confusion which exists in teiminology, the ineagci data pic- 
sented in mam of the case leports and the diffei dices of opinion among 
pathologists in the intei pi elation of then histopathologi . it is difficult to 
estimate, w ith any degiec of accuiac}, the total niimbci of c<ises of netno- 
lemmoma and neurogenic saicoma of the stomach which hate been lepoited 
In this connection, it is of mleicst to icfci to ccitain of the moie nnjiortant 
communications of the ^arlous aspects of tumois of the stomach, wdnch have 
appealed m the htei attire dm mg lecent yeais Eusteiman and Sent),^'’ in 
1922, repoited 27 cases of benign Illinois of the stomach fiom the Mayo 
Clinic The) found the imomas and fibiomas to constitute the laigest 
groups, wdieieas no mention was made of tumois of neuial oiigm Ehason 
and Wnght,^” in 192^, in a sinnlai stud), repoited no instances of neino- 
genic tumois in then series of 50 cases In then exiieiicncc papillomas and 
polyps w'eie the benign lesions most ficcjucutly encounteied In 1926, Eal- 
foui and Henderson’*’ piesented the data in 58 cases of benign gastiic 
neoplasms While none of the tumois were classified as of neive sheath 
origin, neceitheless 23 of the tumors weie designated as fibiomas, myomas, 
fibromyomas, adenoyomas and m)xofibiomas, a closely 1 elated giotip 

Arthur Purdy Stout (1935), in a very comprehensive discussion of the 
benign neive sheath tumois, critically appiaises the evidence submitted m 
the gastric tumors of neuiogenic ongm, pieviously lepoited He accepts 
32 cases as being tiuly nerve sheath tumois and to these adds three cases of 
his owm In a later communication concei ned wnth the malignant ttimoi s of 
the peripheral nerves, he included twm additional cases, namely, those of 
Hartman and Shouldice 

Geschickter,”’ in I93S> his study of tumois of the digestive tract, found 
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among 962 malignant lesions, ten examples of nerve sheath sarcoma, three 
of which occurred m the stomach 

Minnes and Geschickter-® (1936), studying benign tumors of the stomach, 
mentioned 102 cases of neuiofibroma among 931 cases of benign tumors 
leported in the literature They concluded that neurofibromas of the stomach 
were not infrequent and calculated that such tumors constituted approximately 
109 pel cent of the lecorded cases of benign gastric lesions In their own 
senes of 50 benign tumors fiom the Johns Hopkins Hospital, there was 



Fig 9 A — C^se i O B Plioiognph of in hour f;Hss neurolemmoma located upon the 
posterior wall near the gi eater cin\aturc of the stomach 


one laige neuiofibioma accidentally discoveicd m a 78-3feai-old man who died 
of a ruptuied bladdei 

In two recent Cabot cases (No 21112-^ and 23312--), the clinical records 
of patients with neuiogcnic saicoma of the stomach aie presented In the 
foimei case, the patient, a man, age 46, gave a histoiy of ulcei symptoms 
of long duration with lepeated hemorrhages moie lecently A spindle cell 
neurogenic fibrosaicoma was successful!}’' lemoved at operation The second 
case was that of a 64-year-old woman whose chief tiouble was vomiting of 
blood ovei a five-year period A neurogenic fibiosarcoma of the stomach 
was surgically lemoved 

In general these neive sheath tumors are more apt to be encountered 
along the lesser curvatuie of the stomach and more often in the antrum or 
at the p}loiic end of the viscus than in the cardia There are conflicting 
statements in the hteiatuie regarding the frequency of involvement of the 
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anteiioi and the postenoi gastiic walls On account of the gi eater ease of 
inspection and palpation of the anteiioi wall, it seems piobable that moie of 
the small incidental lesions have been lecogni/ed when m this location 

In the case of the benign lesions giowlh is usually slow', although, ulti- 
mately, such tumoi s may attain gi eat size and become readily palpable thi ough 
the abdominal wall Fiom its liegmning m the gastiic wall as giowTh pro- 
ceeds the tumoi may enlaige outwciidh foiming an extiagastiic, subserous 



Tig 9 IJ—Cise i O IJ Roc^UKenoR^^phtc ^^)I)e•lr^ltce of 
the ncojiHsm sliovsn ni ri>,urt 9 A iknionstntinK the lnrj,e 
johiiou! rounded inlngnstnc nnss 


or even pedunculated tumoi In otbei instantes extension into the gastiic 
cavity takes place resulting in an inti agastric submucosal tumoi The mucous 
membrane becomes thmned-out and fiequent]}'' shows ulceiation over the 
summit of the tumor, an important point in explanation of the symptomatology 
and the loentgenogiaphic findings of these tumors An excellent demonstia- 
tion of this was observed m Case 3 GiowUh m both diiections results in 
a tumor of hour-glass 01 dumb-bell configui ation (Figs 9 A and loA) 
Grossly, these neoplasms aie giay, yellowush-giay, 01 pmkish-giay m coloi, 
often w'lth a suggestion of tianslucency The mass is ovoid 01 globulai in 
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shape, and the surface is smooth, although theie ma}^ be a variable degree of 
nodulation On section, the tissue is found to be film m texture and the 



Fig 10 A — Case 2, R B Drawing illustrating 
the large hour glass neurolemmonn (Fig 2 A) located 
upon the lesser cur\ature near the cardiac end of the 
stomach 



Fig 10 B — Case 2, R B Roentgenologic e'camination, June 8, 1938 demonstrates the ap 
pearance of the neoplasm shown in Figure 10 A with the ulcer crater at the superior aspect 
Roentgenologic examination December 28 1938, demonstrates the esophagojejunal anastomosis fol 

lowing the total gastrectomj 


growth IS well circumscribed at its mural attachment Occasionally, cystic 
degeneration may take place, resulting m a large solitarj^ cyst or in some 
instances in a mass containing multiple smaller cystic cavities 
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Not infieqiiently. smaller lesions aie obseived, being encounleiecl quite 
by accident dining the course of a celiotomy foi some quite uni elated condi- 
tion, eg, gastiic caicinoma, peptic ulcei, cholelithiasis, etc In oui gioiip 
of seien neuiogemc tumois of the stomach, thiee weie of this type, two being 
lemoied at the time of paitial gastiectomy foi caicinoma, and one en- 
countered and icmoied at the time of celiotomy foi gallbladdei disease Of 
these thice incidental tumois, the two associated \Mth caicinoma weie neuio- 
lemmomas while the thud case pimed to be a small neuiogemc saicoma 

Symptoms — ^\\ hile theic aic few if any symptoms which aie pathogno- 
monic of these tumois, theie aie a few complaints, oi combinations of com- 
plaints, wdiicli are common to a fairl) laige mimbei of the cases By fai 
the most mipoitaiit and the most suggestive simptoni of which these patients 
complain is hematemesis Tins is usuall) chaiactcri/cd hi lecmiing massive 
hemonhages often sepaiated by long mteiials of good health Fiequently 
in addition there aie more oi less typical ulcei symptoms, occasionally of long 
duration Consequent!} an incoiiect diagnosis of bleeding peptic ulcei is 
often made The explanation of the bleeding is icadil} found m the ulcera- 
tion of the gastric mucosa oveihing the tumoi (Fig ir \) This point has 
often been stressed m the liteiatuic, and the gioss finding of ulcei ation was 
leri stiikmg in seveial cases in the picsent senes (Cases 2 and 3) Some- 
times subjective simptoms may be entiieli absent even aflei a tumoi mass 
IS detected This is paiticulari) apt to be tine m the case of lesions with 
laige extragastiic extensions Piloiic obstiuction is occasional!) noted al- 
though Its occurience is dependent laigeh upon the sire and position of 
the tumor Raiely a pedunculated intiagaslnc lesion ma) piolapse thiough 
01 into the pyloric iing, theieby causing obstiuctive symjitoms Obviously 
the small, accidentall} discoveied tumois pioduce no symptoms po re, 01 
if they do, the) aie oiei shadowed by the symptoms leleiant to the majoi 
disorder 

E\Qmuiahon — Usual!}, few^ significant findings arc noted on physical 
examination, m fact, the remaikable fcatuie is the good stale of nutiition of 
the patient m spite of a long histoiy of illness and of icpeated hemonhages 
Infrequently an abdominal tumor mass may be fell Laboiatoiy investiga- 
tions often reveal a secondaiy anemia and the piesence of occult blood m 
the stools The gastiic analysis is of relatively little assistance m ai living 
at a correct diagnosis By far the most impoi tant evidence is to be obtained 
from roentgenologic study Especially m the case of lesions on the lessei 
curvature, the usual findings of benign gastric tumor ai e seen following the 
ingestion of the barium meal Thus, theie is apt to be a lounded mass, wnth 
a smooth contoui projecting into the lumen of the stomach (Figs 9 B and 
10 B) This appeal aiice is exactly the same as that seen m the cases of 
leiomyoma, and as in the cases of leiomyoma and leiomyosai coma, the bai lum 
often clearly marks the small cential ulcei ation ovei the tumoi lesponsible 
for the hemorrhages (Figs 10 B and iiB) 

Tieatment Wide surgical excision 01 resection is the tieatment of choice 
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While local excision may suffice foi some of the smaller lesions, m the case 
of the largei tumors, adequate removal is ordinarily possible only by partial 




Fig II A — Case 3 L P Neurogenic sarcoma at the pjlonc end of the stomach (Pig 7 A and 
B) demonstrating the large ulcer craters and its intramural location 

or even total gastiectomy While the neurolemmomas tend to recur locally 
following incomplete operations, if removal is adequate, the prognosis is 
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usually excellent Even in the cases of neuiogenic sarcoma, the piognosis 
lb reasonably good, pioviding an adequate lesection is peifoimed Since 
distant metastasis does not take place at an eaily date, and since involvement 
of the legional lymph nodes is not an impoitant mattei to be leckoned with, a 
thoiough lemoval mil often effect a cuie In the one case of neuiogenic 
sarcoma, in which the entiie specimen was available foi study, detailed exam- 
ination of the cleaied specimen fot lymph nodes showed no evidence of 
lymphogenous metastases — in contiadistinction to the absence of inetastases 



i 


L J 

Tic II B — Ci'^e 3, L P RoentRcnognpIuc nppcirmce of the 
mopHsni seen in PiRurc it A (Icnionstritinj, n Kige intragistiic imss 111 
the p\Ioric intruni md fltcks of Innuiii in the ulcer enters 

111 only foul of 50 cases of caicinoma of the stomach studied m a simildi 
manner In fact, the piognosis is distinctly bettei than in the case of caici- 
noina of the stomach of the same magnitude 

Seven tumors of neive sheath oiigin w'cie situated in the stomach in oui 
senes, thiee of these being of sufficient cellulaiity to wan ant a diagnosis of 
neuiogenic saicoma The lemaining foui tumois w^eie neui olemmomas 
(Table IV) All w^eie isolated tumois, and none of the patients in this group 
showed any of the stigmata of von Recklinghausen’s disease In each of the 
four cases 111 which the neuiogenic tutnoi w'as the piiinaiy and sole lesion, 
the chief complaint was that of massive hemoirhages In twm of these cases 
partial gastrectomy was peifoimed, wdieieas in one, total gastiectomy was 
necessary due to the high position of an houi -glass tuinoi on the lessei cuiva- 
ture In the remaining case, a veiy laige tuinoi which aiose from the pos- 
terior wall of the stomach filled the omental bursa and was firmly adheient 
to the postei lor wall of the bin sa over a large area Removal was impossible, 
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NEUROCENIC TUMORS OR STOMACH 

Neurolemmoma 
Primary lesion 
Incidental 
(Gastric Ca ) 

Neurogenic sarcoma 
Primary lesion 
Incidental 

Symptoms 

Hemorrhage 
None (tumor incidental) 

and only a sufficient amount of tissue foi biopsy was removed by means of the 
electrosuigical loop Micioscopic examination sliowed this to be a neurogenic 
saicoma There weie no deaths m this group of gastric neoplasms The 
following case abstracts illustrate the impoitant clinical features of primaiy 
neuiogenic tumois of the stomach 

ABSTRACTS OF CASE REPORTS ILLUSTRATING IMPORTANT CLINICAL FEATURES 
OF PRIMARY NEUROGENIC TUiMORS OF THE STOMACH 

Case I — O B , white, female, age 37, a Russian-Jewish housewife, was admitted to 
the hospital, April 30, 1936, with a complaint of gastric hemorrhages She had been 
quite w'ell until one month prior to admission, when she suddenly felt nauseated and 
vomited a large quantity of blood Subsequently she passed several tarry stools Two 
days later she experienced a second episode of bleeding There was no antecedent his- 
tor> of abdominal pain or discomfort, and there had been no digestive s^mptoms Since 
the onset of the trouble she had been on a strict ulcer dietary regimen Roentgenologic 
studies elsewhere revealed a lesion m the stomach, thought to be a carcinoma 

There ivere no significant findings on physical examination Laboratory studies 
showed the urine to be normal, the Kahn reaction of the blood to be negative and the 
leukocjte count to be 4,500, with a normal differential The erythrocyte count was 2,800,- 
000 and the hemoglobin content 52 per cent The gastric analysis showed absence of free 
hjdrochloric acid The reaction of the stool to the benzidine test was negative Roent- 
genologic examination disclosed a rounded, lobulated mass wnthin the lumen of the 
stomach, situated just above the midpoint It w'as considered to be a polypoid, primary 
gastric neoplasm (Fig pB) 

Because of a slight upper respiratorj infection, she was discharged from the hospital. 
May 6, 1936, and returned for operation. May ii, 1936 A celiotomi w'as performed, May 
14, 1936 The lesion in the stomach w'as located near the midpoint It proved to be an 
hour-glass tjpe of tumor, w'lth a large intragastric projection and a larger extragastnc 
portion of the tumor extending into the omental bursa It was removed by means of a 
high gastric resection Convalescence was uneventful except for a slight wound infection 
which responded promptly to treatment She was discharged from the hospital, June 7, 
1936 She returned for examination, Julj 7, 1936, feeling well and in excellent health 
She was last heard from, April 23, 1940, at which time her general condition was 
excellent 

Pathologic Examination* — Gioss The specimen was a segment of stomach ii cm 

*■ The restudj of the gross and microscopic specimens of all cases reported, and the 
present interpretation of the latter, after subjecting them to new'er staining methods, 
has been undertaken by Dr Earle B Kay 
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long Neai one end there was a large mass with a smooth suiface This apparently arose 
within the w'all of the stomach It appealed as two connected nodules One measured 
6 x 5\3 cm and protruded into the lumen The other was subserous and measured 

6 \ 7 \ 3 5 cm 

MtaoscopiL The neoplasm is composed of spindle cells ha\mg plump, oval nuclei 
arranged in interlacing bands and whorls An occasional area suggestuc of palisading, 
but no true palisades ai e found A large portion of the neoplasm is reticular in character 
Perdrau’s siher stain demonstrates a \er> fine reticuhn Ver\ few' larger collagen 
fibers noted Masson's tricliroine stain clearl\ demonstrates the histologic features of 
the Schwann cell with its pink protoplasmic anastomosing end pioccsses which are 
encased m a thin sheath of greenish-blue collagen Mallorv’s phosphotungstic acid 
hematoxjhn stain shows the Schwann cells with bhie-stainmg nuclei, pink cytoplasm 
and the cjtoplasmic end processes enshcathed in a laser of orange collagen Pathologic 
Diagnosis Neurolemmoma 

Case 2 — R B, white, female, age 40, a Jewish housewife, was admitted to the 
hospital, June 7, 1938, complaimng of attacks of \omitmg blood The first episode 
occurred one jear prior to entr\, and at this time tarr\ stools were also noted for several 
dajs follow'ing the vomiting of a large quantitj of blood A second attack occurred 
si\ months previoush and a third one three weeks before admission Since the last 
attack she had noticed shortness of breath, palpitation, and case of fatigue There had 
been no appreciable weight loss The plnsical cvamination disclosed no significant 
findings The urine was normal Gastric anahsis (with histamint) showed the presence 
of free hj drochloric acid in normal amounts The reaction of the stool to the henridine 
test w'as positive (four plus) Blood examination Leukoevtes 6,700, with 56 per cent 
polv morphonuclear leukoev tes , erv throcyles 4,430,000 , hemoglobin 58 per cent The total 
plasma proteins were 4 9 mg per cent 1 he albumin was 3 0 mg per cent and the globulin 
I 9 mg per cent, with an A/G ratio of i 6 The plasma chlorides were 574 mg per cent 
The Kahn reaction of the blood was negative Roentgenologic examination showed a 
gastric neoplasm involving the upper portion of the lesser curvature, and noimal visuali- 
zation of the gallbladder (Fig 10 B) A pentoncoscopic examination, made June 15, 
1938, showed no evidence of metastatic carcinoma in the liver and no peritoneal im- 
plantation mctastascs 

Accordinglv, ccliotomj was performed, June 20, 193S High on the lesser curvature 
of the stomach was an hour-glass-shaped tumor, one portion of winch projected into 
the cavitj of the stomach and the other into the peritoneal cavitv The upper portion of 
the tumor mass was onlj about 3 cm from the junction of the stomach with the esophagus 
Removal was accomplished by total gastrectoinj Convalescence was uneventful and 
she was discharged from the hospital, Julv 14, 1938 At the time of her last visit to 
the Out-Patient Department, in November, 1939, her condition was found to be satis- 
factorv, and check-up roentgenologic studies showed the esophagojejunal anastomosis 
to be functioning properly 

Pathologic E\aminaiio}i — Gioss (Fig 10 A) The specimen measured 19 cm along the 
greater curv'ature and 12 cm along the lesser curv'aturc On the lesser curvature, and at 
the uppermost part of the specimen, was a tumor mass measuring 8x7x2 5 cm This 
was nodular and firm It appeared to arise in the wall and raised both the serosal and 
the mucosal surfaces inv'olving them The mucosal surface w'as pitted but not grosslj 
ulcerated There was no evidence of inv'asiv'c spread 

Mtcioscopic (Fig 2 A) Large encapsulated, expansively growing neoplasm showing 
marked palisading of the nuclei with tendency to whorl formation The tumor is very vas- 
cular Many of the whorls are arranged about blood spaces The cells are spindle-shaped 
with round, plump nuclei A small amount of pink-staining cytoplasm with anastomosing 
end branches forming a s>ncytium is seen Perdrau’s silver stain shows fine reticuhn 
which IS separated by large bands of collagen Masson’s trichrome stain demonstrates 
again the pink-stammg spindle cells giving rise to pink-stainmg syncjtial fibrils Scat- 
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tered throughout the section are irregularly dispersed green and greenish-blue collagenous 
fibers Mallory’s phosphotungstic acid hemato-vylin stain demonstrates the spindle cells 
with their plump, blue nuclei and diffuse chromatin granules, and the larger collagen 
fibers are stained orange brown Pathologic Diagnosis Neurolemmoma 

Case 3 — L P, white, male, age 51, a merchant, was admitted to the hospital, Feb- 
ruary 13, 1940, complaining of dizziness, fainting spells and blood in the stools For one 
year previously he had noticed progressive weakness One month before entry, while at 
work, he suddenly fainted, and following this he passed a large tarry stool A few days 
later a similar episode occurred A roentgenologic examination, made elsewhere, resulted 
in a diagnosis of a bleeding gastric ulcer being made, and he was placed on an ulcer 
dietary regimen with amphogel One week prior to admission, check-up roentgeno- 
grams were taken, during which examination he fainted He had lost no weight, and 
gave no historj of nausea or vomiting However, he had experienced slight epigastric 
pain following meals This had been relieved bj food and soda 

Physical examination disclosed no significant findings The urine was normal The 
leukocyte count was 4,000, the erythrocyte count 2,500,000, with a hemoblobm content of 
30 per cent The guaiac test of the stool was positive Gastric analysis showed free 
hydrochloric acid in normal amounts The Kahn reaction of the blood was negative 
Roentgenologic studies showed an irregular filling defect in the distal third of the stomach 
(Fig 10 B) The appearance was that of a gastric carcinoma Following three blood 
transfusions, a celiotomy was performed, February 20, 1940 A large mass was found 
m the anterior wall of the stomach in the prep>loric legion This appeared to be a benign 
tumor It was removed by partial gastiectomj' The postoperatne course was unevent- 
ful He was discharged from the hospital, March ii, 1940 

Pathologic Examination — Gioss (Fig ii A) The specimen consisted of the lower 
portion of the stomach Upon the anterior wall there was a large intramural neoplasm 
measuring 8x6x3 cm , which extended down to the pylorus In the center of the neoplasm 
were three deep ulcers extending thiough the mucosa down to the neoplasm 

Mici oscopic (Fig 7 A and B) A cellular neoplasm showing areas of palisading, 
other areas show whorls and reticular architecture Masson’s trichome and Mallory’s 
phosphotungstic acid hematoxylin stains demonstrate the Schwann cells with their anas- 
tomosing protoplasmic ramifications Fine reticular net work seen betw'een the cells A 
large portion of the neoplasm has undergone sarcomatous proliferation with loss of the 
original architecture Such regions show closel}' packed hyperchromatic spindle cells m 
no characteristic arrangement The mucous membrane overlying the neoplasm shows 
ulceration, the ulcer craters penetrating deeplv into the underlying tissue Pathologu 
Diagnosis Cellular neurolemmoma with areas of neurogenic, spindle cell sarcoma 

Case 4 — J P , wdnte, male, aged 35, an Austrian bricklayer, was admitted to the 
hospital. May 10, 1931, complaining of headaches, midepigastnc pain, and vomiting of 
blood His health had alwa>s been excellent until two years previously, when he began 
to have pain following meals, the pain being relieved bj' food and soda Fourteen months 
previous to his admission he had had a severe gastric hemorrhage At this time, he had 
vomited a large amount of blood and had fainted He was treated elsewhere for three 
weeks Roentgenologic studies at that time show^ed evidence of a peptic ulcer He was 
placed upon an ulcer dietary regimen, with alkalis He adhered to this for nearly a year, 
during which time his health had remained fairly good Three w'eeks before admission 
he noticed that the stools were tarrj and there was a recurrence of the epigastric pain 
Three days before his admission, he had another severe hemorrhage Following this he 
had been able to eat practically nothing and was so weak that he had to remain in bed 
nearly all of the time While he had gradually gamed in W'eight during the past year, 
there had been a considerable weight loss during the past few^ weeks 

Phj'Sical examination revealed marked pallor of the skin and mucous membranes In 
the epigastrium, just below' the xiphoid, there w'as an area approximate!} 6 cm in diam- 
eter which was markedly tender to palpation No masses could be felt The urine was 
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normal The leukocjte count was S,8oo, with 6i per cent polymorphonucleais , tlie eiy- 
throcjte count Mas 2,040,000, with a hemoglobin content of 30 per cent The Kahn re- 
action of the blood Mas negative The leaction of the stool to the benndine test M-as 
positne on four occasions Gastric analysis re\ealed the presence of free hydrochloric 
acid in approMinateh normal amounts Roentgenologic examination shoM'ed the chest 
to be normal and there Mas no eiidcnce of abnormahtj to the gastro-mtestinal tract 

The clinical diagnosis Mas bleeding peptic ulcer or possibly a bleeding carcinoma of 
the stomach After sereral transfusions his condition impro\ed and a celiotomy M'as per- 
formed, June 24, 1931 The loMcr half of the stomach M'as found to be normal Mdiile 
in the upper half, postenorh, there Mas a large mass about tMucc the size of a man’s 
fist It extended upMard to the diaphragm but Mas not adherent to it The tumor prac- 
ticalh filled the omental bursa and Mas firinh attached posteiioih thus fixing the 



Fig 12 — Case 4 J P Dnwiiie illustntmfr n iituiORctiic sarconn 
upon the posicnor wall of the stonnch which fills the lesser omental 
bursa and in%adcs the pancreas 


stomach to the reretebral column (Fig 12) On account of its position and size, lemoval 
seemed to be out of the question and accordingh M'lth the electrosurgical loop, a small 
portion of the tumor Mas removed for biopsy 

The postoperative convalescence M'as prolonged but on the whole M'as satisfactoij 
There M’as one massive hemorrhage from the stomach, on the thirteenth postoperative day 
He was discharged from the hospital, July 25, 1931 He M'as last seen January 13, 1932, 

when he returned for check-up examination At that time his condition M’as essentially 
unchanged 

Pathologic Examination— Mia oscoptc The tumor is cellular neoplasm composed 
of spindle ceils Certain areas shoM' palisading Other areas have a cylindromatous 
architecture with whorl formation about blood vessels Pathologic Diagnosis The neo- 
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plasm IS cellulai enough to be considered a neurogenic spindle cell sarcoma arising upon 
a neurolemmoma 

These case lecords clemonstiate some of the pioblems involved m tieat- 
ment The first case was a neurolemmoma, adequately removed by a high 
subtotal gastiectomy, and the second, a smulai lesion but one so situated as 
to require total gastiectomy The third case was one of neurogenic sarcoma, 
dealt with by subtotal gastrectomy, while the last case was one of a far ad- 
vanced, inoperable neuiogemc saicoma ansmg fiom the posterioi gastric 
wall (Table V) 

Table V 

NEUROGENIC TUMORS OE STOMACH 


Treatment 

Partial gastrectomy 2 

Total gastrectomy i 

Exploration biopsy i 

Excision incidental r 

Removed — Resection for Ca (incidental) 2 

Total 7 


Tumois of the Intestine, Colon and Rectum — In tbe poition of the di- 
gestive tract distal to the stomach, neurogenic tumois aie extiaordinaiily 
lare The reports of only a very few such lesions of the small intestine 
colon and rectum aie to be found in the liteiatuie Stout, in his ciitical 
survey of the field m 1935, recognized the following cases as acceptable 
(Table VI) 

Table VI 


Author 

Location of Tumor 

Bemgn ^neurolemmoma') 

Delagdmcre 

Duodenum 

Lemmomer and Peycelon 

Duodenum 

Komg 

Small intestine 

Lenche 

Small intestine 

Nordlander 

Small intestine 

Lhermitte and Leroux 

Cecum 

Pentz 

Appendix 

Malignant {neurogenic sarcoma) 

Adrian 

Duodenum 

Kohtz 

Duodenum 

Hartmann 

Small intestine 


At this time Stout believed that theie was no case of neurogenic tumor of 
the colon 01 lectum which could be considered authentic 

T S Raifoid-'* (1932) found no instances of neuiogemc tumoi m his 
stud}' of 8S cases of tumois of the small intestine, from the Johns Hopkins 
Hospital material Likewise Rankin and Newell-'* (1933) make no mention 
of such lesions in their review of 35 cases of benign tumors 
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S A Goldbeig-'’ (1939) leported ten cases of unusual intestinal tumois 
No neuiogemc tumois othei than one aigentaffine tuinoi of the jejunum weie 
included Cohn, Land}, and Richtei-® (i 939 ) lepoited seven cases of tumois 
of the small intestine, none of these being neuiogemc m oiigin 

GeschickteU- ( 1935 ). his study of tumois of the digestive tiact, found 
only ten neuiogemc scaiomas among 962 malignant lesions Three of these 
occuiied m the small intestine and foui m the lectum He states that, micio- 
stopically. these tumois lesemble the moie common neuiogemc sai comas of 
peiipheial nenes In one of his cases, a tumoi of the small intestine Mas 
associated with multijile subcutaneous neive sheath tumois of the von Reck- 
linghausen t} pe This authoi , also, in a discussion of his gi oup of 1 78 benign 
tumois icfeis to a gioup of ten "lipomas, fibiomas, and neuiomas ” The 
exact location of these lesions is not mentioned IMoie lecent lepoits include 
the Cabot Case No 24011,-" and a case lejiorted fiom the Mount Sinai Hos- 
pital b} Klingcnstem-'' (1938) The foimei was that of a 62-}eai-old male, 
who was found at opeiation, to ha\e a neuiogemc fibiosaicoma of the ileum 
The clinical featuies of the case had been bleeding and the derelopment of a 
pcKic tumoi The lesion which was desenbed as being the si/e of the op- 
eiators fist, was successfully lesected Giossh, it lesembled the leiom}omas 
found in the stomach, inasmuch as theic was an aiea of deep ulceiation in 
the mucosa ocer the cential pait of the tumor 

Klingenstein s patient was a 29-} eat -old female who had had lepcated 
episodes of seceie bleeding fiom the intestine, the cause of which pioved to 
be an ulceiated neuiofibioma of the ileum The tumoi was successful!} 

1 esected 

IMillei and Fiank-'^ (1939) leported tw'o instances of neuiofibiosatcoma 
of the intestine The hist was a 72-yeai-old female, wdiose only symptoms 
were those related to a pelvic tumoi which jnoved, at opeiation, to spiing 
fiom the jejunum The tumoi, a large extialumenai growth, w'as successfully 
1 esected Micioscopic study show'ed it to be a neurofibiosarcoma The sec- 
ond patient, a 47-yeai-old male, complained only of w^eakness and vague 
abdominal pains Celiotomy, and subsecjuently neciopsy, levealed multiple 
tumois of the entiie small intestine These had pioduced paitial intestinal 
obstiuction in many places The micioscopic examination of all the lesions 
show'ed them to be neui ofibi osai comas 

Even more laie aie the neuiogemc tumois of the colon and lectum 
Keith (1937) repoitecl the cases of a 50-yeai-old female, fiom whom a 
tumor, 1x2 cm, of the lectal w^all w'as lemoved The sections w^eie ex- 
amined by Doctor Ewnng, wdio made a diagnosis of neuiofibioma 

Woolf (1938) reported the case of a 70-yeai-olcl male, wdio w^as found 
to have a tumor lying betw^een the lectum and the coccyx Opeiation le- 
vealed that this aiose m the lectal w^all The tumor w^as lemoved and histo- 
logic examination show^ed it to be a neurofibi oma 

GleniA^ (1939) reported a case of neurogenic fibroma of the tiansveise 
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colon The patient was a 25-year-old female, who complained chiefly of fre- 
quency of urination and polyuria An abdominal tumor was present which 
was localized to the transverse colon roentgenologically It was successfully 
resected Glenn states that, in a careful search of the literature, he was unable 
to find any other, microscopically verified, neurogenic fibroma of the colon 

In general, the clinical behavior of these tumors in the small intestine is 
similar to that of most benign tumors If they are of the intralumenar type, 
intussusception is apt to occur or obstruction may be produced by virtue of 
their size alone The extralumenai growths are usually manifested by the 
presence of an abdominal 01 pelvic tumor mass, possib^r associated with pres- 
sure symptoms Since there is often ulceiation of the intestinal mucosa over- 
lying the tumoi, serious hemorrhages may occur, just as in the case of the 
gastric tumoi s 

Our series includes three examples of neurofibroma of the small intestine 
The following case is one in which a solitaiy benign neurofibroma of the ileum 
was responsible for chionic intussusception (Fig 13 A and B) 

Case 5 — I K , white, female, age 60, a Finnish housewife, entered the hospital, Octo- 
ber 30, 1939, complaining of abdominal pain and backache Her symptoms began four 
months prior to admission One month after the onset, a cervical polyp was remo\ed else- 
where Tissue examination showed no malignancy She was not relieved and her symp- 
toms had increased in severity, the pain localizing in the right lower quadrant In addition, 
frequency of urination, urgency and nocturia had developed Bimanual examination re- 
vealed in the anterior portion of the pelvis, and chiefly on the right side in the region of 
the bladder and extending out laterally, a cjdindnc, firm tumor mass which was very 
freely movable Motion of this did not seem to impart anj motion to the fixed uterus or 
cervix Rectal examination was negative The urine was normal The Kahn test of 
the blood was negative The leukocvte count was 7,500, and the hemoglobin content 70 
per cent 

Roentgenologic studies showed (i) Normal colon, (2) normal upper gastro-intes- 
tinal tract, (3) faint visualization of the gallbladder, with at least one large nonopaque 
calculus Thorough visualization of the urinary tract, including cj'stoscopj and retro- 
grade pyelograms, yielded negative findings A clinical diagnosis of a cyst or malignant 
neoplasm of the right ovary was made A celiotomy was performed, November iS, 1939 
At this time, a mass was noted in the midileum which proved to be an intussusception 
This was reduced and a tumor about the size of an English walnut could then be palpated 
within the lumen of the bowel A segment of ileum, approximately 25 cm 111 length, 
was resected and an end-to-end anastomosis performed The postoperative course was 
stormj' On the tenth day a fecal fistula developed On December 13, 1939, an attempt 
was made to close the fistula This was unsuccessful She developed general peritonitis 
and died, December 14, 1939 A necrops}”^ was not obtained 

Pathologic Eranunation — Gioss (Figs 13 A and B) The specimen consisted of a 
segment of small intestine measuring 25 cm in length, with attached mesentery Eight 
centimeters from one end, on a pedicle 1 cm long, there was an o\oid, firm, smooth mass, 
measuring 6 5x3 5x3 cm The cut surface was pale, pinkish-gray, shiny, homogeneous, and 
moderately firm There was considerable whorling Some slight evidence of hemorrhage 
was noted at the distal end of the tumor and also at tw'o points in the w'all of the bowel 

ilict oscopic A loose textured, edematous neoplasm composed of Schwann cells and 
fibrous tissue in no characteristic arrangement Much of the architecture is reticular in 
character Many large, w^avy, collagen fibers are seen throughout the neoplasm Path- 
ologic Diagnosis Neurofibroma 
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The intestinal lesion in this case proved to be a large pedunculated neuro- 
fibioma No histoiy of bleeding was obtained 

The othei two examples of neuiofibioina of the small intestine in the 
senes weie discoveied at neciopsy and the intestinal lesion in these cases 
was but one of the local manifestations of a general neurofibromatosis In 
one case, two small neurofibromas of the jejunum were found in a young 
man who had extensive plexifoim neurofibi omatous involvement of the 
pi estate, pei iprostatic tissues, buttocks and left thigh This case has been 
repotted in detail elsewheie (McDonnelD’’) The other patient, a 15-month- 
old female, who died shoitly after being admitted to the hospital, was found 
to have a congenital disturliance of the sympathetic neivous system uith 
both angioneuiofibromas and neurofibi omas of the sympathetic nerves, in- 
volving the anterioi and posterioi mediastinum, celiac plexus, and the neives 
of the small and laige intestine (Fig 5) This was believed to be a form of 
von Recklinghausen’s disease No lesions on the surface of the body weie 
noted The abstiacts of these two cases follow 

Case 6 — G H , white, male, age 30, a truck driver, was first seen in November, 
1928, at which time he presented multiple subcutaneous nodules over the entire bodj 
They were most marked on the posterior aspect of tiie thighs, the scrotum and the prepuce 
The skin overlying these tumescences presented a diffuse, brown, macular eruption 
There was an atrophic, undescended testis in the left inguinal canal A diagnosis of 
von Recklinghausen’s disease was made, and at this time the tumor mass on the pos- 
terior aspect of the left thigh was excised Convalescence was uneventful Microscopic 
examination of the tissue removed showed the lesion to be a congenital cirsoid neuro- 
fibroma, or “fibroma molluscum ’’ He returned in January, 1931, complaining of rectal 
pain due to pressure of the tumor masses in the left buttock At this time, neurofibromas 
were removed from the left buttock and an anal plastic operation was performed A 
circumcision was also performed in order to correct the phimosis due to the neurofibro- 
matosis of the penis, the redundant foreskin being twice the length of the shaft He again 
returned in July, 1935, because of acute urinary retention He had been cathetenzed 
intermittently by his physician He was semistuporous The phjsical examination was 
essentially the same as on the previous admission except for the presence at this time of 
costovertebral tenderness The bladder w'as considerably distended The Kahn reaction 
of the blood was negative The leukoevte count w'as 12700, and the hemoglobin content 
95 per cent The urine contained albumin (three plus) There w^ere manj red and 
wdnte blood cells as well as bacilli The blood nonprotein nitrogen was 200 mg per cent, 
and the plasma chlorides were 331 mg per cent 

During his hospital stay, the bladder was graduallj decompressed and continuous in- 
dw'elling catheter, drainage was maintained His general condition was so poor that 
diagnostic cystoscopy w'as not deemed advisable as a means of determining the cause of 
the vesical outlet obstruction It w'as believed, however, that a vesical submucous neuro- 
fibroma similar to the cutaneous lesions might be responsible for the obstructive phenom- 
ena His condition gradually grew worse, and he died, August 12, 1935 

Necropsy — The important findings W'ere (i) Neurofibromatosis (von Reckling- 
hausen’s disease) (2) Extensive cirsoid neurofibromatous infiltration in and about 
the prostate, prostatic urethra, bladder, seminal vesicles, and penis (3) Neurofibromas 
of the vagus and intercostal nerves and jejunum There were twxj neurofibromatous 
nodules in the wall of the jejunum, each about i cm m diameter (4) Cirsoid neuio- 
fibroma of the left buttock and thigh with scais of partial excision (5) Right nephro- 
lithiasis (6) Ascending chronic purulent and ulcerative cj stitis, ureteritis , and 
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p\lelonephritis (7) Ad\anced pyonephrotic atrophy of both kidneys (8) Bilateral 
hematogenous, fibrinopuriilent lobular pneumonia 

Patholoqic Examination — Micioscopic The neoplasm in the jejunum is composed 
of Schwann cells Mith their anastomosing piotoplasmic ramifications Abundant fibrous 
stroma Dispeised throughout the tumor are irregularly-shaped hyalin bodies simulating 
those seen in meningiomas Pathologic Diaqiiosis Neurofibroma Piostatc Throughout 
the prostate and periprostatic tissues is a diffusely infiltrating plexifoim neurofibroma 

Case 7 — D G i\hite, female, age 15 months, was brought to the hospital, July 19, 
1930, because of weakness emaciation, and marked pallor The mother stated that this 
condition had been present since shorth aftei birth She was a “blue baby” and one of 
twins Examination ie\ealed cardiac enlargement, and an enlarged liver Tempeiaturc 
103° F The Kahn reaction of the blood was negatne The leukocyte count was 13.000. 
with 55 per cent poh moi phonuclear leukoc\tes, the er\thiocyte count i 700,000, and the 
hemoglobin content 18 per cent A blood tiansfusion was administered at once Hci con- 
dition giew rapidh worse and she died that e\cnmg 

A'cciopsv — (i) Congenital disturbance of the sympathetic ner\ous s\stem piobabh 
related to \on Recklinghausen s disease kfultiple knotted, twusted, grape-hke masses 
along course of the ^agus ner\es and celiac plexus Knotted mass in posterior medias- 
tinum 4 5x3 5x1 cm in diameter Throughout the small and large intestines are multiple, 
small conglomerate, purplish nodules, some of which hang free in the intramesenteric fat 
Some are firmh attached to the intestinal wall and apjiear to he betw'cen the muscularis 
and the mucosa (2) Extreme congestion of lungs and brain (3) Fibroid atrophj of 
tlnmus (4) Fatt} Incr (5) P.atent ductus arteriosus and foiainen ovale (6) 
Horseshoe kidnej with double ureter 

Pathologic Exaniinatwn — Mici osiopic (Fig s) The multiple tumor masses are 
composed of angiomatous and angioneurofibi omatous masses of \oung nei\e sheath tissue 
Tjpical Schwann cells can be seen as demonstrated In Masson’s tnehrome and Mallory’s 
phosphotuiigstic acid hematoxjhn stains An abundant amount of reticuhn and fibrous 
tissue IS noted within the neoplasms Pathologu Dia<jnnsi<; Multiple neurofibromas of 
small and large intestines 

In one of the tlnee caseb of neinogenic scat coma exhibiting metastases, 
a laige piimary lesion tvas found in the pelvis (Case 18) The diagnosis of 
neinogenic sarcoma was made fiom tissue obtained fioni a lectal biops}”^ 
Since death occurred a few weeks latei fiom exsangumation due to massive 
heinoiihages fiom the lectum it is entiiely possible that this tiimoi arose 
from the lectal wall, yet positive proof is lacking and m view' of the laiity 
of such tumois in the lectum, the case has been placed in the 1 eti opei itoneal 
group 

Tuinois of flic Mcscnici ICS — As pieviotisly mentioned, tumois of the 
type undei discussion aie fiequently found in unusual 01 out-of-the-w'ay 
places Examples of such odd situations aie the mesenteiies and omenta 
Since Rankin and MajoC'^ w'ere able, in 1932, to lepoit 22 cases of tumors 
of the mesenteries and cite seveial bundled similar cases in the liteiatuie, 
it IS evident that mesenteric tumors ai e not excessively 1 ai e W ai 1 en and 
Sommer,^*’ m a study of saicoma of the soft paits, found 63 neurogenic sar- 
comas, foui of which w'eie m the abdominal legion One of these w'as situated 
in the mesentery Fmther details of the case aie not given Moi cover, in- 
stances of tumors of the gieatei omentum aie repoited from time to time 
Nevertheless, the fact that m our small senes of 18 neive sheath tumois 
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(four of which were meiely incidental findings) theie should be two tumors 
in such locations would seem to be of some significance One of these cases 
was a huge neurolemmoma aiising m the gastrocolic omentum, and the sec- 
ond was a neurogenic sarcoma developing in the mesentery of the terminal 
ileum The abstiacts of these cases are appended 

Case 8 — G K , white, male, age 43, a Canadian salesman, entered the hospital, July 
22, 1937, with the complaint of pain in the left upper quadrant and a tumor mass in the 
abdomen One month previously, because of vague abdominal discomfort, he consulted a 
physician, who discovered the mass in the upper abdomen There had been no change 
in bowel habit, no abnormalities of the stools, and no weight loss Examination dis- 
closed a globular, slightly tender and slightly movable mass about the size of a grape- 
fruit situated in the epigastrium The urine was normal The Kahn test of the blood 
was negative The leukocyte count was 8,500, with 70 per cent polymorphonuclear leuko- 
cytes , the erythrocyte count, 5,470,000, and the hemoglobin content 107 per cent The 
blood bilirubin was 4 mg per 1,000 cc and the fasting blood sugar was 72 mg per cent 
Roentgenologic studies revealed (i) A normal chest, (2) normal gallbladder visualiza- 
tion without stone, (3) normal colon, (4) no intrinsic gastric or duodenal lesion but evi- 
dence of pressure from a large extra-alimentary tumor possibly arising in the pancreas 
(Fig 14B) The preoperative clinical diagnosis was pancreatic 01 omental cj'st 

A celiotomy was performed, July 26, 1937 The tumor was found to be solid in 
character and to have arisen in the gastrocolic omentum It involved a portion of the 
greater curvature of the stomach and also the transverse colon (Fig 14A) Complete 
removal was accomplished by resecting the lower half of the stomach bj the Pob'a method 
and b> an obstructive resection of the involved segment of the transverse colon Con- 
valescence was uneventful and he w'as discharged fiom the hospital, August 14, 1937 He 
returned to the hospital, October 6, 1937, and a closure of the temporary colostomy, re- 
sulting from the obstructive resection of the colon, was performed Again the convales- 
cence was uneventful, and he was discharged, October 26, 1937 He w’as last seen, June 2, 
1938 He was free from symptoms, and entiielj w'ell except for a slight \entral hernia 
m the surgical scar 

Pathologic Examination — Gioss The specimen consisted of a poition of omentum, 
measuring 27x22 cm, in which there w'as a fiim, round, encapsulated mass measuring 
14x8x6 cm This mass w'as attached to the wall of a segment of stomach 9 cm in length 
The mucosal surface w^as smooth and not infiltrated On the opposite side of the tumor 
W'as attached a segment of colon 7 cm in length 

Mtcioscopic A large neoplasm showing whorhng and intei lacing cords of cells 
Areas of palisading noted Much of the tumor is reticular in structure (Fig 2B) 
Masson’s stain demonstrates the special histologic characteristics of a nerve sheath tumor 
Pathologic Diagnosis Neurolemmoma 

Case 9 — D E , white, male, age 52, a mail carrier, was first seen November 8, 1927 , 
complaining of pain in the abdomen Three years previously he had had an appendicect- 
omy for right lower quadrant pain Following this he w'as w'ell for a year, whereupon he 
again developed sharp pains in this same region In June, 1937, a mass w'as discovered in 
the lower abdomen Short!} after this he experienced an attack of intestinal obstruction, 
w'hich was relieved by nonoperative measures There had been no melena or hematemesis 
The tumor mass had gradually increased in size and there had been a slight weight loss 

Physical examination revealed a firm, nontender, movable mass, measuring approxi- 
mately 6x6 cm , in the right lower quadrant Rectal examination was negative The 
urine w'as normal The leukoc^tes numbered 11,000, w'lth 68 per cent polymorphonuclear 
Ieukoc\tes, and the erythrocytes 4,200,000, the hemoglobin content was 68 per cent A 
barium enema showed no intrinsic lesion of the colon The preoperative, clinical diagnosis 
w as probable abdominal 1\ mphoblastoma 
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Operation was perfoimed, November 19, I937 In the mesentery of the terminal 
ileum near the cecum was a large rounded mass, slightly nodular on its surface, lying 
between the peritoneal leaves It measured approximately 15x8 cm There were also 



I'lG 14 A — Cnsc 8 G K Dnwing 
illiistntiiig 1 I^^Rc ncurolcnimonn of gastro 
colic Iignmcnt (I'lg a B) iimding the 
'"tonncli aiul tnns\cr<;e colon 



Fig 14 B — Case 8, G K Rocntgenogr-iphic appearance of the neoplasm illustrated in Figure 
14 A demonstrating the arch formed by the stomach, duodenum and transverse colon about the 
tumor mass 

several enlarged lymph nodes m the mesentery The tumor was quite movable and could 
be delivered into the wound At both ends of the mass the small intestine was firmly 
adherent to it The tumor was excised and short segments of intestine at the two ends 
resected with end-to-end anastomoses The postoperative convalescence was stormy, 
and the clinical picture was that of general peritonitis He died, December 6, 1937 

729 



RANSOM AND KAY 


Anmlsof&urRen 
October 1040 


Necrops} revealed complete gangrene of the small bowel and its mesentery Afetas- 
lases of the neoplasm were found in the liver and on the subdiaphragmatic peritoneum 
Pathologic E\ammatwn — G^oss The specimen consisted of a large nodular tumor 
mass, which measured 15x8^7 cm Two segments of small intestine, measuring 10 cm 
in length at one end and 9 cm in length at the other, were intimately attached to the 
tumor mass The mass appeared to arise within the mesentery but had involved the 
intestinal wall at one point (Fig 15) 



Fig is — C ase 9 D E Photograph of a large nodulir mesenteric neurogenic 
sarcoma ^\hich had invaded two segments of small intestine Hepatic metastases were 
demonstrated at necrops> (1 ig 8) 


hlici oscopic A cellular neoplasm composed of elongated spindle cells, arranged m 
both interlacing cords and whorls Other parts of the tumor are composed of reticular 
areas Mallory’s phosphotungstic and hematoxjhn stain demonstrates the spindle cells, 
with large oval, plump blue-staining nuclei with a scant amount of pinkish-brown-staining 
cytoplasm which extends at both ends into otoplasmic ramifications which appear to 
anastomose with similar fibrillae from adjacent cells These fibrillae appear to be en- 
sheathed in orange, collagenous material Pathologic Diagnosis Neurogenic sarcoma 
arising in a neurolemmoma Afetastasis in liver ihci oscoptc It wall be noted that by 
comparing the hepatic metastasis with the primary neoplasm that the metastatic lesion 
IS definitely more cellular The cells are shorter and more plump The reticulin is seen 
with difficulty There are areas that are suggestive palisading (Fig 8) Pathologic 
Diagnosis Aletastatic neurogenic sarcoma 


The fiist case is practical!}' identical with the one reported by Schrager^*^ 
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(1939) His patient was a 40-yeai-olcl female, who also piesented heiself 
foi examination on account of a laige abdominal tumoi It was lemoved 
by an opeiative pioceduie similai to that desciibed above The case affoids 
a good example of the involvement of adjacent visceia by a neuiolemmoma 
(Fig IJ A) While an opeiative pioceduie of consideiable magnitude was 
necessaiy in oidei to insuie complete lemoval of the tumoi, an excellent 
lesult was obtained In view of the benign cbaiactei of the lesion as indi- 
cated by the histologic studies, fuitber tiouble on this scoie seems unlikely 
Clinically, oui case was also of mteiest m showing bow such a neoplasm may 
be piesent foi a long peiiod of time, and leacb a laige size, and still piovoke 
lelatively few s}mploms 

The second case illustiates some of the tecbnical difficulties attendant upon 
lemoval of laige tumoi s of the mesenteiy (Fig This case was one of 

tbiee 111 the senes in ubicb distant metastases fiom a neuiogemc sarcoma 
weie found 

Tumois of (he Rcfi opci iloneol Tn<!i<c<^ - Retiojiei itoneal tumois aie not 
especiall}'- laie and man}'' types ol Illinois found m this location have been 
desciibed Tins gieat vaiiety of lesions can be leadily undei stood by con- 
sideiing the vaiious letiopeiitoneal tissues which may give use to new' 
giow'ths These include connective tissues blood vessels, lymphatics, lymph 
nodes, fat, and the vaiious stiuctuies of the s}mpalhetic neivous system 
While many of the tumois such as the lymphoblastomas, the teiatomas and 
the iieui oblastic tumors of the symjiathetic nervous system aie quite hopeless, 
there is a consideiable numbei of letiopeiitoneal tumois w'hich aie benign 01 
tend to be of local malignanc} only, and hence amenable to surgical attack 
To this lattei gioup belong the majoiity of the neive sheath tumois That 
the neuiogemc tumois constitute but a small percentage of the total numbei 
of letropeiitoneal new' giow'ths is evinced by the fact that they aie not men- 
tioned in the communications on this subject 1 )} Tiout and Meekms,^" oi 
Hansinann and Budd Judd and Lai son*"* (i 933 ) lejioited 48 letiopeii- 
toneal tumois from the Mayo Clinic Only one of these w'as of neuiogemc 
origin — it being a paiaganglioma w'hich had developed m the sujDiaienal gland, 
a type of tumoi beyond tbe scojie of the present papei Unusual cases of neive 
sheath tumois in this legion, cited by Stout, aie those of Virchow', Eichhoff, 
Pescatori, Erb, Frank, Kiekelei and Kiumbem, Moieau and van Bogaeit, 
and Pana 

Waiien and SommeU'’ found tw'o of then foui abdominal neuiogemc sar- 
comas to be situated in the 1 etroperitoneal space, while one was desciibed 
as being in the pelvic region, and piobably should also be included heie 

Frank^*^ (1938), in a splendid review of the subject, has summaiized the 
liteiatuie and has tabulated the impoitant data concerning 107 tumors found 
m the liteiature fiom 1925 to 1932 He caiefully excludes tumois aiismg 
fiom abdominal oigans (livei, panel eas, adrenals, intestines, genital or uiinaiy 
oigans) as well as mesenteiic and omental giow'tbs Also, neoplasms aiising 
fiom lesidual urogenital embiyomc rests aie not consideied Flank’s com- 
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piled group contains 20 neurogenic retroperitoneal tumois, or 18 7 pei cent 
of the total On the basis of histologic classification, these 20 tumors fall into 
the following groups (a) Neurinoma — seven, (b) neuiogenic sarcoma — 
thiee, (c) ganglioneuroma — six, (d) sympathoblastoma — four It is only 
with the first two types that the present discussion is concerned The opeia- 
tive mortality m this collected group of 20 tumois was 22 per cent, in contrast 
with no deaths m the group of 28 benign fibromas, lipomas, cysts, etc , and 
a 28 13 per cent mortality for the general group of sarcomas (38 cases) 

In the present series of cases, theie weie six neurogenic tumors of the 
letroperitoneal space Of these, there were four neurogenic sarcomas, one 
neurolemmoma, and one ganghonated neurofibroma Suigical removal was 
possible in four instances, the extirpation, apparently, being complete m two 
cases, whereas 111 the othei two it was necessary to leave a poition of the 
base of the tumor due to its proximit}^ to impoitant stiuctures such as the 
great vessels, bladder 01 lectum In the remaining two cases, only a small 
amount of tissue foi biopsy pui poses was removed In one instance (Case 
18) this was seemed by means of proctoscopy, from a lesion involving the 
lectal wall, and 111 one (Case 17), tissue was obtained at the time of an ex- 
ploratoiy celiotomy for what proved to be an inopeiable retroperitoneal neuro- 
genic sarcoma with extensive metastases to the mesenteiic lymph nodes 

The two following cases aie of special mteiest because of the remarkable 
roentgenologic and opeiative findings in one, and the unusual clinical history 
in the othei 

Case 10 — E J, white, male, age 47, a laboier, was first seen, June 15, 1933, com- 
plaining of constipation, nervousness nausea and vomiting For one year he had noticed 
increasing constipation For the past six months he had been troubled with abdominal 
distention, much flatus, and increasing weakness Following meals there had been a dull 
pain in the right upper and the left lower quadrants of the abdomen with occasional 
vomiting spells He had lost a considerable amount of weight 

Physical examination showed marked pallor of the skin and mucous membranes 
A mass was felt which seemed to arise from the pelvis and extend upward almost to the 
umbilicus and laterally to the outer borders of the rectus muscles This mass was tym- 
panitic to percussion There was moderate tenderness over this area The liver was 
enlarged The mass could barely be felt on rectal examination Sigmoidoscopic exam- 
ination was negative Laboiatory studies showed the urine and stool to be normal 
The leukocyte count was 5,700, with 79 per cent polymorphonuclear leukocytes , the erythro- 
cyte count 3,000,000 with a hemoglobin content of 35 per cent The red cells showed 
achromia The Kahn test of the blood was negative Roentgenologic examination re- 
vealed (i) No organic lesion of the upper alimentary tract, (2) fistulous communication 
between small bowel and encapsulated right-sided pelvic abscess, (3) no intrinsic lesion 
of the colon, (4) foreign bod), probably lead shot, within pelvic mass (Fig 16 B) A 
clinical diagnosis was made of a pelvic abscess communicating with the small intestine prob- 
ably due to neoplasm or diverticulitis 

Operation was performed, September 13, 1933 At this time a large tumor was 
found which was thought to be a sarcoma arising from the pelvis The upper portion was 
fairlj mobile At the apex of the mass a loop of small intestine was firmly adherent, and 
this proved to be the point of communication between the abscess cavity and the bowel, 
as had been indicated roentgenologically The tip of the appendix was also adherent to 
the tumor At the base of the tumor in the pelvis, posterior to the bladder, the attach- 
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ments were extremely firm, and accurate isolation of stiuctures was impossible (Fig 
i6 A) In order to mobilize the tumor, the involved coil of intestine was resected and 
the appendix also removed with the mass Deep in the pelvis the tumor was so firmly 



Fig i6 a— C isc lo, E J Driwing 
illustrating a large c>stic retroperitoneal ncuro 
genic sarcoma liaaing a fistulous communication 
with the small intestine 



Fig i6 B — Case lo, E J Roentgenologic examination, following a barium enema, June lo, 
1933, reveals the displacement and compression of sigmoid colon, indicating a large extra alimentary 
^mor mass upon the right side of the pelvis and abdomen, as shown in drawing, Figure 16 A 
Roentgenologic examination, September 6 , 1933, demonstrates a fistulous communication between the 
small intestine and barium filled cjstic space, which w’as interpreted as an abscess A small opaque 
object IS noted upon the floor of the cjstic space 


fixed that complete excision was impossible Accordingly, the greater part of the tumor 
was removed, leaving a small portion of the base behind the bladder Convalescence was 
slow but satisfactory He was discharged from the hospital, November 9, 1933 He was 
subsequently given a course of deep roentgenotherapy to the pelvis Following this he 
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remained in fair health, gradually gaming m weight, and was last seen, April ig, 1935, 
at which time there was no demonstrable evidence of recurrence or metastasis Later in 
the year both legs became paralyzed and he died, September 22, 1935 

Pathologic Examination — Gioss The specimen consisted of a hollow tumor mass, 
the wall of which had been ruptured The central cavity was lined by an ulcerating, 
fungatmg mass of neoplasm which was covered with a thick, foul exudate The appendix 
was attached and also a segment of small intestine, the lumen of which communicated 
directly with the cavity in the tumor 

Micioscopic A cellular neoplasm composed of spindle cells showing areas of less 
complete differentiation m which the cells are poljhedral in form Other, more differen- 
tiated, areas show' persistence of original architecture in which there are palisading and 
w'horl formation about the blood vessels resembling a neurolemmoma Perdrau’s silver 
stain demonstrated a fine reticular structure throughout, Masson’s trichroine technic, and 
Mallory’s phosphotungstic acid hematoxvhn stains substantiate the nerve sheath origin 
of this neoplasm There is infiltration of the intestinal w'all with ulceration of intestinal 
w'all and neoplasm on side exposed to intestinal content Pathologic Diagnosis Neuro- 
genic spindle cell sarcoma 

Case II — J S, W'hite, age 49, a fireman, w'as first seen, February 8, 1938 because 
of pain in the right leg This was fiist noticed about seven years previoush The pain 
had been most severe on the anterolateral aspect of the thigh It varied in intensitj 
from a ver3' sharp and severe tjpe to a dull ache, lasting from several minutes to an 
hour The attacks of pain occurred everj' tw'O or three months at first but more recently 
had increased in frequency He had noticed little if any w'eakness in the right leg In 
1927, a diagnosis of syphilis had been made and, at that time, he received an intensive 
course of antiluetic therapy The positive physical findings were as follows (i) Atrophy 
of the anterior thigh muscles on the right w'lth definite weakness of the iliopsoas (2) 
Mild weakness in the right adductors and quadriceps (3) Right cremasteric reflex 
diminished (4) Right knee jerk very w'eak, left normal (5) Mild hjpesthesia on the 
right side from Li to L4 and on the left in Li and L2 The blood Kahn test was doubt- 
fullj positive The uranalysis was normal and the blood count normal The cerebro- 
spinal fluid W'as normal Roentgenograms of the spine show'ed a moderate degree of 
hypertrophic arthritis of the low'er dorsal and upper lumbar spine, while the right knee 
and the chest W'ere normal Studies of the gastro-mtestinal tract and of the unnarj tract 
revealed no abnormalities Intiaspinal lipiodol injection revealed a temporary hesitation 
of hpiodol at the level of the twelfth and eleventh dorsal vertebrae at which point the 
hpiodol dispersed into droplets The findings were interpreted as evidence of a moderate 
degree of arachnoiditis at the lower dorsal region and the presence of a cord tumor was 
considered very unlikely During his stay in the hospital his symptoms improved under 
bismuth antiluetic therapy A plaster of pans body encasement was applied to provide 
complete rest, and he was discharged, March 12, 1938 

He returned, June 8, 1938, at which time his symptoms were as severe as ever Ex- 
ploratory laminectomy was advised and performed, June 12, 1938 At this time, no 
abnormalities of the spinal cord or nerve roots could be ascertained The posterior divi- 
sions of the twelfth dorsal and first and second lumbar spinal nerves were sectioned on 
the right side His convalescence was uneventful, and there was slight improvement of 
his symptoms In view of the incomplete relief a cordotomj was performed, June 24, 
1938 The result of this was fairly satisfactorv 

He was next seen, in February, 1939, at which time he complained of a mass in the 
right lower quadrant of the abdomen He had lost considerable weight The mass was 
easih palpable and seemed quite firmly fixed Roentgenologic studies of the colon at 
that time revealed that this was not an intrinsic lesion of the colon, and that the colon 
was displaced mediallv A diagnosis of a retroperitoneal tumor was made and he was 
operated upon, February 7, 1939 At the time of the celiotomy no significant findings were 
noted other than a retroperitoneal mass m the right lower quadrant The posterior 
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peritoneum was incised and the tumor icmoved without difficulty Convalescence was 
une\entful and he was disehan?ed, Febiuaij 21, 1939 He was last seen, September 27, 
1939 when he \\as entirch fiee from pain, showed great impiovement in his general 
health, and examination re\caled no signs of rccunence 

PatJwloqu Examwafwn—Mtciouopu (Fig 3) A well circumscribed edematous 
tumor composed of Schwann cells, in an an angement chaiactenstic of Antoni’s Type B 
reticular tissue Masson s tiichiome stain beautifully demonstrates the pink Schw'ann cells 
with their protoplasmic ramifications m a sjncytial netwoik, each fibril being ensheathed 
in a thin capsule of bluish-green-staimng collagen Pcidiau’s silver stain demonstrates the 
argcrophihc icticuhn with laige, wacw bands of collagen iricgularly dispersed thiough- 
nut Palholoqtc Dtagitmis Neuiolcmmoma 

The lumoi in the fiist case evidently aiosc in the letioperitoneal 01 
siibpentoneal space, becoming wedged in between the bladdei and lectiim as 
it inci eased 111 si7e Neoplastic infiltiation of the wall of a loop of small 
intestine w Inch had become adhei ent to the mass took place w'lth subsequent 
peifoiation and the de\elopment of a fistulous communication betw'een the 
intestinal lumen and the cential cxstic ca\ity of the tumor Removal of the 
tiiinoi lequned a lesection of the invohed segment of small intestine as w'ell 
as removal of the appendix which was likewnse mcoi pointed in the mass 
(Fig 16 A) 

In Mew of the incomplete lemoval of the tumoi, postopciative roentgen 
tieatinents weie gi\en c\en though then value was jiioblematic 

The second jiatient had a long and complicated histoiy and piesented a 
most difficult diagnostic pioblem It was not until the abdominal tnmoi 
finally became palpable that a coiiect diagnosis of 1 eti opei itoneal tumoi was 
made The ease of the singical iemn\al, the benign chaiactei of the neoplasm 
and the maiked clinical impio\cmcnl following lemoval aie matteis w 01 thy 
of note 

The ganghonated neuiofibromas should be distinguished fiom the moie 
common ganglioneui omas. wdiich ])iopcily belong to the nemoblastic tumoi s 
of the sympathetic neivous system Oui senes contained one example of 
a ganghonated neinofibioma It was a letiopei itoneal tumoi situated m the 
lumbai region just to the left of the midlinc and occuiied in a foui-yeai-old 
girl The ganghonated neuiofibiomas aie m fact benign neive sheath 
neoplasms which develop m the ncighboihood of sympathetic ganglia As 
giow’th of the tumor takes jilace, ganglia cells become included Then idle 
IS entirely passive The cells aie the matin c foims and they do not lend 
malignant characteristics to the lesion (Fig 6) Similai tumois 111 the 
thorax have been mentioned by Audi us, wdio points out the fact that these 
tumors are composed of fibious tissue in the midst of which ganglion cells 
can be demonstiated Fle suggests that it is only by vntue of their situation 
or point of origin that the ganglion cells aie found The clinical course, 
tieatment and piognosis are essentially the same as in the case of a nemo- 
fibroma or nemolemmoma m the same position 

Case 12 J S, female, aged six, w-as brought to the liospital by hei parents, Maich 
1930, because of a mass m the abdomen This had been discoveied six months 
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previously during a routine physical examination, and had produced no symptoms Ex- 
amination showed the superficial veins of the abdominal wall to be prominent There 
was a mass in the left lower quandrant which measured approximately 12x7 5 cm It was 
smooth, firm and fixed It was not lobulated and not tender Examination of the urine 
and stool was negative The leukocyte count was 11,300, the erythrocyte count 4,210,000, 
and the hemoglobin content 85 per cent The Kahn reaction of the blood was negative 
Roentgenologic studies of the chest, upper gastro-intestinal tract and colon were nega- 
tive A diagnosis of retroperitoneal sarcoma was made 

A celiotomy was performed, April 9, 1930 A tumor measuring roughly 7 5x7 5x7 5 
cm was found closely attached to the lateral aspect of the second, third and fourth 
lumbar vertebrae The large vessels were close to it It was found impossible to remove 
all of the tumor Consequently, the pedicle was left in situ It would have been im- 
possible to remove this without ligating the vena cava Convalescence was uneventful 
Postoperative deep roentgenotherapy was instituted, and she was discharged from the 
hospital. May 10, 1930 She was last seen in April, 1940, at which time she was in 
good health and was developing normally There was no evidence of recurrence 

Pathologic Examination — Micioscopic (Fig 6) A large encapsulated neoplasm 
composed of adult sympathetic ganglion cells in an irregularly arranged schwannian and 
fibrous stroma which appears reticular and edematous in areas, as demonstrated by 
Masson’s trichrome blue and Mallory’s phosphotungstic acid stains Pathologic Diagnosis 
Ganghonated neurofibroma 


ADDITIONAL CASE ABSTRACTS 
Neill ogenic Tumois 0} the Stomach 

Case 13 — J D , white, female, age 55, a housewife, entered the hospital, February 
16, 1940, complaining of pain in the side and a draining abdominal sinus Five years 
previously, following a typical attack of gallstone colic, a cholecystostomy had been 
performed elsewhere Many stones were removed from the gallbladder Four years 
later, an abscess developed in the scar This was drained, and since that time there 
had been persistent drainage of small amounts of clear serous fluid but sufficient in 
quantity to require constant dressing 

Physical examination revealed a well-healed surgical incision, 12 cm long, in the 
right upper quadrant At the upper angle there was the opening of a small sinus, 
covered with a crust There was a large ventral incisional hernia Laboratory studies 
showed the urine to be normal, the Kahn reaction of the blood to be positive three plus, 
and the reaction of the stool to the benzidine test to be positive four plus The leukocyte 
count was 7,500, the erythrocyte count 4,850,000, and the hemoglobin content 76 per cent 
Roentgenologic studies demonstrated no evidence of an intrinsic lesion of the gastro- 
intestinal tract other than slight gastric retention at the end of five hours There was 
nonvisualization of the gallbladder and no evidence of gallstones 

A diagnosis of recurrent cholelithiasis with occlusion of the cystic duct was made 
and celiotomy performed, February 20, 1940 A fairly large gallbladder was found 
which contained white bile but no stones An exploratory choledochostomy revealed 
no stones in the common duct The gallbladder was removed On the anterior surface 
of the stomach a small pedunculated tumor was noted This was about the size of a 
walnut It was thought to be a benign tumor and was removed Convalescence was 
uneventful and she was discharged from the hospital, March 14, 1940 

Pathologic Diagnosis — Gioss (i) The gallbladder was 9 cm and practically intact 
There were numerous adhesions with considerable thickening of the wall No stones 
were present (2) The specimen from the stomach consisted of a smoothly lobulated, 
solid piece of tissue measuring 3x2 5x1 5 cm 

Micioscopic (i) Old chronic purulent cholecystitis Marked fibrosis of the gall- 
bladder wall (2) Hematoxylin-eosin stain demonstrates a cellular neoplasm showing 
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short, plump spmdlc cells with round and oval nuclei Architecture is that of interlacing 
bands and whorls of spindle cells Perdrau's silver stain show’s a fine reticulm throughout 
the tumor Pailtoloatc Dtagiiosts Neurogenic sarcoma 

Case 14 — F white, male, age 61, a lawwer, entered the hospital, June 30, 1939, 

complaining of pain in the upper abdomen associated w’lth nausea and vomiting The 
s> mptoms began onl> fn e w eeks pre\ lousl j There had been no hematemesis or melena 
Since the onset of his trouble his appetite had been poor, and there w'as a sense of 
fulness in the stomach following the ingestion of food There had been a w’eight loss 
of 15 pounds (6 8 Kg) Examination disclosed an ill-defined mass m the midepigas- 
tnuni which was slighlh mo\ablc Uranaljsis showed the presence of 20-30 w'hite blood 
cells per low power field, and a stained smeai of the sediment showed many cocci The 
Kahn reaction of the blood was negatne The leukoc\te count was 8,700, and the 
erjthrocjte count 4.400,000 The hemoglobin content was 78 per cent Roentgenologic 
examination rescaled an extensue annular neoplasm iinoKing the lower third of the 
stomach, and normal Msuahration of the gallbladder b\ the Graham-Cole test 

A ccliotonn was performed Juh 3 1939 A carcinoma was found involving the 
lower third of the stomach There was no gross cMdencc of spread The adjacent 
hmphnodes were moderalclj iiuohed but not extcnsncK so A partial gastrectomy 
was performed according to the Hofmeistcr technic The postoperatnc convalescence 
was une\entful and he was discharged from the hospital, Juh 21, 1939 

Pathologic Ilxatumatwu — Ginrr The specimen of the stomach measured 13 cm in 
length Three centimeters from the distal amputation side, on the greater curvature 
in the prepjloric portion, was 4x35 cm raised, nodular mass with slight ulceration 
of the surface It infiltrated through the serosa At some distance from this lesion, 
and on the scro«al surface was a smooth, o\oid mass, measuring 2x1x1 cm, which 
was whitish in color and \cr\ firm m consistcnc> 

Mtcioscopic (i) Adenocarcinoma nuicosum. Grade II, primarj in gastric mucosa 
Ulcerating surface The carcinoma infiltrates cntirch through the wall Numerous 
signet-ring cells (2) A neoplasm composed of an edematous architecture of Schwann 
cells with areas arranged in interlacing bands and whorls charactei istic of a neuro- 
lemmoma Slight increase in amount of conncctuc tissue stroma Pathologic Diagnosis 
Neurolemmoma 


Case 15 — E H, white, female, age 66, a housewife entered the hospital, August 
2, 1935. complaining of weakness and loss of weight Her sMiiptoms were of six months’ 
duration The phisical examination was csscntialh negatne except for a questionable 
mass in tlie epigastrium Laboralor\ examinations showed the urine to be normal The 
leukocite count was 12,800, with 72 per cent pol\ morphonuclears , the enthrocyte count 
4.820,000, and the hemoglobin content 65 per cent The Kahn test on the blood w'as 


negatne Roentgenologic studies showed a partiallj obstructing lesion involving the 
distal third to half of the stomach, which was belie\cd to represent carcinoma 

Operation was performed, August 6, 1935 A caicinoma involving the antral portion 
of the stomach was found Ihe growth extended 35 cm upw’ard from the pjdorus It 
imohed nearlj the entire circumference of the stomach at this point There W'ere 
no definitelj enlarged hniph nodes along cither the greater or the lesser curvatures 
Both lobes of the Iner, the spleen and gallbladder were normal The lower half of the 
stomach was resected by the Pol) a method Postoperative convalescence was uneventful 
he was discharged from the hospital, August 24, 1935 She died at home in March, 1937 
PathoJogiL Lxamination — Gioss The stomach measured 12x9x4 cm At one end 
0 the specimen the mucosa presented an ulcer 5x3 5x3 cm The edges w’ere rolled and 
eierted At the opposite end of the specimen on the serosal surface w'as a small tumor 
2 Sx2\i 5 cm on a narrow' pedicle 

Microscopic (i) A well advanced adenocarcinoma infiltrating through the stomach 
ret subscrosa (2) A neoplasm composed primarily of Antoni’s Type B 

re icu ar tissue Histologically, small spindle cells with an occasional polyhedral form 
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are noted, both of which have anastomosing cytoplasmic end processes and are sur- 
rounded by a fibrillar network Pathologic Diagnosis Neurolemmoma 

Reti opeiitoncal Ncuiogcnic Tumois 

Case i6 — R B , white, male, age 28, a Jewish lawyer, was first seen, March 21, 
1928, complaining of a mass in the abdomen This had been discovered about four years 
previously It had caused no symptoms, and there had been no appreciable increase ir 
size Examination revealed a mass appi oximately 75x6 cm in the lower abdomen 
lying near the midline It extended from 3 cm above the symphysis to the umbihcu'5 
It was quite firm to palpation and was slightly movable Laboratory examinations 
showed the urine to be normal, the leukocyte count 11,600, and the hemoglobin content 
of the blood 95 per cent The Wassermann reaction of the blood was negative The 
''linical diagnosis was retroperitoneal sarcoma 

Celiotomy was performed, March 28, 1928 Exploration revealed an egg-shaped 
tumor 15x7 5 cm lying m front of the promontor3' of the sacrum between the iliac 
vessels and m the root of the mesentery of the small intestine The posterior peritoneui 
was incised and the tumor easily, and apparently completely, removed Following opera- 
tioti the convalescence was uneventful except for a slight wound infection He was 
discharged from the hospital, April 12, 1928 Subsequently, a course of deep roentgeno- 
therapy was administered When last heard from, October 22, 1932, his health was 
excellent and his recovery had beerl complete 

Pathologic Exaininatiou — Micioscopic A neoplasm characterized bj’^ interlacing 
cords and whorls of Schwann cells Certain areas show evidence of palisade formation 
Throughout the neoplasm are seen laige wavv collagen fibers Portions of the neoplasm 
are becoming cellular enough to lie considered sarcomatous Not likely to metastasize 
Pathologic Diagnosis Neurogenic sarcoma 

Case 17 — R H, white, male, age 37, an American farmer, entered the hospital, 
February 17, 1939, with a chief complaint of indigestion and pain m the abdomen and 
back The s^mptoms had begun two j'ears previously with vague generalized abdominal 
pain coming on following meals For about a year he obtained consideiable relief on an 
ulcer dietary regimen, after which time pain and indigestion recurred Since then, 
except for periods of temporary relief, he had grown steadilj worse He had lost about 
50 pounds (22 7 Kg ) 111 weight, and had become so weak that he had to give up his 
work There had been no nausea, A'omitmg, or melena Ph)Sical examination revealed 
a shghtlv tender, hard, nodular, fixed mass, 75x5 cm, in the midepigastrium The 
laboratory studies showed a normal urine, and a negative Kahn reaction of the blood 
The leukoc3te count was 6,000, with 64 per cent polvmorphonuclear leukocytes, the 
erythrocyte count 5,300,000, and the hemoglobin content 86 per cent Examination of the 
stool levealed a positive two plus reaction to the benzidine test Gastric anabasis and a 
glucose tolerance test showed normal values Roentgenograms showed a normal uppei 
gastro-mtestmal tract, normal visualization of the gallbladder, w'lthout evidence of included 
stone, and a normal chest The barium sulphate enema demonstrated a redundant 
colon but no evidence of an intrinsic lesion The clinical diagnosis was retroperitoneal 
tumor 

Celiotom3 was performed, March 3, 1939 The spleen, liver and gallbladder w'ere 
normal The stomach, duodenum and kidne3s were also normal The retroperitoneal 
space, m the midlme, was occupied by an extensive, hard, fixed, nodular mass In the 
root of the mesenter3 of the small intestine a number of enlarged, hard lymph nodes 
W'ere felt Resection w'as impossible and no palliative procedure seemed to be indicated 
Tw’o bits of tissue w'ere removed for biopsv The postoperative course w'as uneventful, 
and he w'as discharged, March 20, 1939 He died at home, December 6, 1939 

Pathologic Eiamination — Mici oscopic A very cellular neoplasm composed of 
coiled columns of Schwann cells giving a palisaded appearance The histologic charac- 
teristics of this neoplasm are best illustrated b\ Mallory’s phosphotungstic acid hema- 
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tovyhn stain which demonstrates small, flat spindle cells with scant, pmkish-brown- 
stammg cytoplasm extending into a few protoplasmic end processes The cells appear 
to be snriounded bi a daiker staining, yellowish-brown, fibrillar network. Between 
the coils there is still darkei staining, orange-biown collagen Of two lymph nodes 
examined, one shows e\idence of metastases of the above described neoplasm Pafholog’c 
Diagnosis Neuiogenic sarcoma arising m a neurolemmoma 

Case i8 — N L, white, female, age 50, a housewife, w'as fiist seen, December 17, 
1925, at winch time she complained of seveic headaches and difficulty in sw'allow'ing 
Examination showed deafness in the light eai and a moderate degree of bilateral 
mstagmus The blood pressuie was 148/102 Rectal examination revealed a laige 
nodular tumor mass in the anterior rectal wall 2 cm from the anal margin Its upper 
IniTt was well abo\e the reach of the examining finger Adjacent tissues w'Cie infiltiated 
Proctoscopic examination showed a nodular mass not nnolving the mucosa A biopsy 
was taken from this rectal mass The urine contained a tiace of albumin and many 
leukoc\tes per low' power field A ncuiologic consultant belie\ed the findings to be 
due to metastases at the base of the skull No form of surgical therapy seemed indi- 
cated and, according!}, she was discharged, December 23, 1925 Her physician reported 
that she died at home short!} after her return Death occurred fiom exsanguination 
tollowing several massive hemorrhages from the rectum 

Pathologic Lxainiiialioii — Mici oscopic A neoplasm composed of whorls and inter- 
lacing cords of spindle cells Parts of the neoplasm arc reticular in character, giving 
the appearance of Antoni’s Type B tissue Pathologic Diagnosis Neurogenic spindle 
cell sarcoma 

Siiiiniwty of Tjcofiuont and End-RcsuJi <; — Table \TI siiminanzes the 
tieatment canted out in the 18 cases As will l)e noted, ladical singical 
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removal was undertaken in ten instances, with two hospital deaths One of 
these occurred following resection of a segment of small intestine for a neuro- 
fibroma which had caused chronic intussusception, while the other followed 
the removal of a neuiogemc sarcoma situated in the mesentery of the ileum 
Of the patients opeiated upon foi gastric lesions, one is entirely well, four 
years following subtotal gastrectomy for a neurolemmoma , and one, two 
years following total gastrectomy foi a similar neoplasm The one patient 
upon whom subtotal gastrectomy was performed foi a neurogenic sarcoma 
was operated upon too recently for the follow-up history to be of significance 
The male patient found to have the large neurolemmoma of the gastrocolic 
ligament which requiied partial gastrectomy as well as resection of a portion 
of the tiansverse colon for its complete removal, was well one year later 
Since that time it has been impossible to trace this case 

Complete or partial removal was cairied out in four of the retroperitoneal 
tumors The one case of neurolemmoma m which complete removal was 
possible has been followed for only eight months During this time no evi- 
dence of recurrence has been noted Another patient, having had what was 
thought to be a complete removal of a neurogenic sarcoma, has been followed 
for four years and seven months and is entirely well and free from recur- 
rence The patient who proved to have a letroperitoneal cystic neurogenic 
sarcoma which involved the small intestine secondaril}^ died two years follow- 
ing operation, presumably of recuirence In this case it was realized at the 
time of the celiotomy that removal had not been complete 

The six-yeai-old girl who presented the letropentoneal ganglionated 
neurofibroma, which was incompletely removed, has remained well for ten 
years 


CONCLUSIONS 

Since the nerve sheath tumors which are encountered within the abdominal 
cavity are chiefly of local malignancy, the prognosis following surgical 
removal is relatively good Due to the odd or unusual situations m which 
they are apt to be found, operations of considerable magnitude are often 
necessary in order to insure complete lemoval The end-results would seem 
to justify such operative piocedures, wherever they are feasible 
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Discussion — Dr Frederick A Coller (Ann Aibor, Mich) It is 
obvious that the two types of tumors that have been presented to us in the 
last two papers aie suigical rarities However, I think they are not so un- 
common but that any of us may encounter them at any time There is very 
little foi me to add, but I should like to emphasize the close clinical lelation- 
ship between these tumois They may piesent a clinical entity and, if such 
be the case, I think that both types of tumors might well be included in it 
It IS veiy difhcult, often impossible, for the suigeon who is opeiating upon 
one of these tumors to tell whether it is a leiomyoma 01 whether it is a neuio- 
genic tumoi, and I doubt whether anyone can draw the distinction between 
the two at the time of opeiation It is likewise lather difficult for the path- 
ologist to make this distinction 

When Doctoi Lahey asked me to discuss his papei, I looked up oui cases 
of leiomyomas and I found thiee We then subjected these three cases to 
stain designed to bung out the changes found in the neurologic tumors We 
found that only two of them actually were leiomyomas, while one was a neuio- 
genic tumor, which has been presented in Doctor Ransom’s paper 

I wish to piesent one case of a tumor of the stomach of the neuiolemmoma 
type that can be contiasted wath the cases of leiomyoma presented by Doctoi 
Lahey to show that these two pathologic entities piesent similar clinical and 
gloss pathologic pictuies The roentgenogram and photograph of it are 
shown under Case 3 m Doctor Ransom’s paper The patient an obese male, 
age 51, gave a vague histoiy of indigestion ovei the past two years Six 
months befoie he came to the hospital, he had a violent hemorihage, vomiting 
blood in large amounts This happened again one month before w'e saw him 
When he ai rived in the hospital, his hemoglobin w'as 28 per cent, but his 
nutiition w^as excellent 

The roentgenologic examination was a little puzzling, although the pics- 
ence of a lather large tumoi in the stomach was clear The gastric acids w^eie 
wuthin normal ranges The 1 oentgenographic appearance was highly sug- 
gestive of caicinoma but tbe other factors w^ere somewhat against this diag- 
nosis He w^as operated upon and the tumor lemoved, wdiich, as can be 
seen, piesents a pictuie that is indistinguishable from some showai bj^ Doctoi 
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Laliey It pio\ed to be a ncin olemnioma The ulcciations in tiie mucosa 
ai e appai eiitly lathei topical of both the leiom}omah and the neuiolemmomas 
When the tumoi was palpated befoie its lemoval, it uas so fieely movable 
that It gaAC the sensation of being entneh intiagastiic Theie weie excava- 
tions m the tnmoi just beneath the opening in the gastuc mucosa, but it was 
impossible to decide whethei the bleeding had come fiom vessels m the lumoi 
01 m the gastiic uall 

I belie\e we must legaid these two tumoi types as giving similai clinical 
juctuies If a patient gnes a histoix of seveie hemoiihage. has noimal gas 
tiic aciditc. and has a tumoi demonstiable loentgenogiaphically, one should 
think ot the possibiht) of one of these tumoi s being piesent They both have 
benign and malignant phases and opeiation should be achised foi them I 
would like to ask Doctor Lahej whethei the tumoi s in his senes weie ex- 
amined by special stains designed to bung out neuiofibeis It wmuld be m- 
teiestmg to do this if it has not been done, since some of them might w'ell be 
neurolemmomas 


Dr John J Morion* (Rocheslei, X ) These tumois of neurogenic 
origin are quite inteiesting We ha\e had seceial of them, I do not know 
quite how main , and I dicl not have an ojipni tunity to look them up befoi e I 
came awaj Sometimes when they are m the letiopentoneal position they 
are eery difficult tumois to iemo\e The} aie oigan-displacmg, often veiy 
laige, and thee mold themsehes against the spine so that }0U have no oppoi- 
tunity to decelop an edge They are lelatneh inelastic and haid to loll ovei 
W^e operated upon a woman who illustiated how laige they may become 
Roentgenographicall} , the mass indented the gieatei cun atm e of the stomach 
pushed the kidney against the diaphiagm, pushed the descending colon tow^aid 
the midline and flattened out the splenic flexuie It had been slowdy in- 
ci easing in swe dining the pieMOus six \eais 

Operation disclosed enoimous \essels going into the tumor, and hei con- 
dition became so bad that we w'cie obliged to stop Her blood piessuie w'ent 
to wdierc it could not be lecoided and we abandoned the operation Aftei a 
ten-day delay, I w'ent in again and lemoved it The tumoi oiiginated m one 
of the neive sheaths and was benign She is well nowg seven 3eais since 
opeiation 


Only last w^eek, I had anothei tumor involving the teimmal ileum, veiy 
similai to one of Doctoi Ransom’s, w*hich pioved to be a neurogenic sarcoma 
This tumoi occuiied in a man, age 55, wdio gave a histoiy of incomplete in- 
testinal obstruction foi ovei a yeai He had complete studies by G I series, 
w'lthout finding any evidence of the tumoi But theie w^as peisisteiit blood 
m the stools and, finally, a movable tumoi w^as demonstrated Sometimes it 
could be felt m the abdomen, at othei times it wmuld disappear, and then, 
latei on, could be felt in the pelvis This involved the terminal ileum and it 
had definite nerve sheaths i unning to the tumoi Thei e w^ere some evidences 
of metastases m the nodes leading aw'ay from it Micioscopically, it was a 
fibrosai coma, wduch brings me to anothei point, namely, that these fibiosai- 
conias are usually locally invasive They tend to lecur locally and to remain 
local foi a long time I think that w^e should try to get them out wdienever w^e 
can because w^e have an oppoi tunity to leally cine these patients 

I recall another patient wdio w’-as operated upon elsewdieie thiee years 
before I saw^ him, wnth a diagnosis of neuiogemc saicoma involving the low^er 
end of the left uietei W^hen he w'as sent to me, this tumoi had recuired and 
It W'as so enormous it practically involved the wdiole pelvis I told the doctor 
that if It w'ere a neuiogemc saicoma, wduch I veiified fiom the other hospital 
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I did not think it would be radiosensitive and that it was inoperable as far as 
I could see He said, “Doctor, you cannot let him down like that You have 
got to do something ” So I said, “Well, we will irradiate him but it won’t 
do any good ” To my surprise the tumoi went down from a very large-sized 
tumor to one about the size of a grapefruit At that point, he could stand no 
more radiation His blood count was m the neighborhood of 2,000 white 
cells and we could not get it to come up 

It was then decided that we might perhaps be able to get it out So we 
cathetenzed the ureter, and I went m and after fighting through a lot of 
adhesions, finally got down to the tumor, which was quite well encapsulated 
I removed it m pieces It was a neurogenic sarcoma Six months later, the 
man complained of pain around his spine, which was, I thought, of a sort of 
girdle type, but it occurred to me that it was not correct for this type of tumoi 
He had also a little jaundice So we subjected him to a cholecystogram and 
found he had gallstones That gave me another opportunity to go into his 
abdomen, which I did, removing his gallbladder and, mcidentlly, took the 
opportunity to examine the site of the operation It was absolutely free of 
recurrence of the tumor, and that was two years ago He was m the office 
last week and he had no signs whatever of recurrence 

Dr J Shelton Horslfy (Richmond, Va ) I wish to report two cases 
of leiomyosarcoma of the stomach and a case of neurofibroma of the meso- 
colon It is possible that they may be very cellular myomatas but the number 
of active cells in many of the sections and the mitotic figures would seem to 
indicate a low-grade leiomyosarcoma in the tumors of the stomach 

Case I — W T C , white, female, age 62, married, was admitted to the hospital, 
August 6, 1937 For several days she had been bothered with a cough and a feeling of 
tightness in her chest She had been gradually losing appetite and weight for the past 
SIX months There was no history of bleeding from the stomach or bowel, and no 
nausea or vomiting or any unusual gastric complaint Her weight upon admission was 
IIS pounds There was a mass in the upper left abdomen involving the stomach There 
was a large quantity of fluid in the right pleural cavit>, from which 800 cc of clear 
yellow fluid was aspirated 

Operations — Five days after admission she was operated upon under local anesthesia, 
and a large tumor was found which involved much of the lesser curvature of the stomach 
The liver seemed normal The pyloric end of the stomach was not involved, and a mid- 
gastnc or “sleeve” resection was performed, though this type of operation does not 
usually give good functional results Recovery was satisfactory except that the stomach 
did not empty well for several weeks The pleurisy cleared up after a few aspirations 
The patient was seen about two weeks ago and was apparently free from anj recurrence 

Pathologic Evaimnation — Gross The specimen consists of the midportion of the 
stomach and the attached tumor, involving much of the lesser curvature of the stomach 
It IS bosselated, and the protrusions are smooth Some portions are yellow and others 
are darker m color The tumor measures 14x9x7 cm The segment of the stomach 
removed measures 12 cm along the lesser curvature and 18 cm along the greater 
curvature The cardiac end is smaller than the distal end The mucosa seems to be 
about normal, though there are a few punctate erosions along the lesser curvature The 
mucosa moves smoothly over the wall of the stomach On section the tumor is solid 
but IS soft with various nodules on the cut surface They seem to consist of soft 
granular tissue divided into lobules The tumor apparently sprang from the muscular 
coat of the stomach along the lesser curvature 

There is no history to indicate how long the growth had been present, though the 
patient is a ^ery intelligent woman, and it is probable that it w'as not palpable verj long 
before she noticed it 
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Histologiv Exttuumtwn shows small spindle-shaped cells that are fairly active 
There are mitotic figures From the apparenth tapid giow’th and the activity of the 
cells it appears to be doubtless malignant, probabh a Grade I leiomyosarcoma 

Meigs (Meigs, Joe Vincent Fibioina of the Ovary with Ascites and 
H}drotlioiax Annals of Sijrgi:r\, no, 731, October, 1939) and others 
have called attention to the association of hydrothorax with fibroma of the 
ovary It may be that in this instance there was an association of hydro- 
thorax with the tiimoi of the stomach 

Case 2 — A P B, white, female, age 48, had, for se\eral years, noticed a mass 
m the abdomen It had onlj recenth become tender On admission to the hospital, 

August 7, 1938, It appeared to be about the size of a large grapefruit The patient had 
had SIX children, the youngest being ten \ears old, there had been tw-o miscarriages 
An o\anan c\st had been remo\ed a good manj jears ago The tumor w'as slightly 
moiable and rather soft Roentgenologic examination of the gastro-mtestinal tract was 
negatne except for showing pressure dcformit\ of the greater cur\ature of the stomach 
It was thought that there was a mass in the abdomen which also displaced the colon 
Opetaitoti — August 12, 193S Under cthjlene anesthesia There w'as a considerable 
amount of clear fluid in the abdominal caMtA The tumor sprang from the posterior 
wall of the stomach b\ a broad pedicle It was easih rcmo\ed The mucosa of the 
stomach was not iinohed The jiatient made a satisfactory recoverv 

Pathologu Erawmaiiou — Gtoss The tumor measures 15x115x12 cm It is 
oval in shape and of irregular contour Part of it appears to be soft, as though it 
contained fluid The pedicle was from the stomach and contained a section of all of 
the wall of the stomach except the mucosa On section there is a necrotic area with 
some hemorrhagic exudate, but most of the cut surface is dnided into lobules and lobes, 
as a myoma There is an area in which there appears to be degeneration, and the tissue 
IS soft and loose, being apparently attached only at one margin 

Histologically, the tumor shows spindle-shaped cells with smooth muscle, they are 
quite active, with a few mitotic figures present In some areas there is degeneration, 
probably from interference with the circulation 

Speaking^ of leiomyosarcoma of the stomach, Ewmg says (Ewing, James 
Neoplastic Diseases, 3rcl ed , 278, \V B Sauncleis Co , Philadelphia) “The 
structuie vanes betyy^een considerable limits In some cases the type ap- 
proaches that of a cellulai myoma, and the recognition of a myogenous origin 
IS readily accomplished Or the cells are of large spindle form, and the desig- 
nation as a myosarcoma depends on the attitude of the observei ” 

The following is a case of neurofibioma 

Case Report — K W, white, female, age 39, had been having tarry stools for 
many w’eeks She had y'oniited off and on when she w'as on a milk diet, but did not 
yomit blood She w'as anemic, her hemoglobin yvas 42 per cent, red cell count 2,560,000, 
and w'bite cells 4,200 

The physical examination was essentially negative except for a scar in the lower 
right abdomen yvhere the appendix had been removed a good many years ago Roent- 
genologic examination yvas negative She had not vomited during the tyvo wrecks before 
a mission She suffered no pain, but had been w'cak and anemic for four or five years 
an recently this condition had increased The tentative diagnosis yvas duodenal ulcer 
In h February 20, 1928 The stomach and duodenum appeared normal 

* e epatic flexure of the transverse colon yvas a flat mass arising from the transi'erse 
mesocoon and attached to the jejunum It yvas extremely vascular A part of the 
a^^de'^*^ ^ segment of the transverse colon yvere resected The tumor proved to be 

^generating neurofibroma arising from the transverse mesocolon and invading the 
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upper jejunum at one point It was at this point in the jejunum from which the hemoi- 
rhage occurred 

The patient made a satisfactoiv iccovery, and when heard from recently was 
quite well 

Histologic examination showed an unusual type of tumor Dr A C Broders, of 
the Mayo Clinic, reported, March 5, 1928, as follows “I am of the opinion that this 
tumor IS a degenerating neurofibroma I have never seen one m this region, but it has 
a microscopic picture characteristic of those found elsewhere ” 

Dr Frank H Laiiey (Boston, Mass, in closing) It is inteiesting that 
these two types of benign gastiic lesions could be discussed here It is valu- 
able to call attention to these gioups I neglected, 01 did ivDt have time, to 
state theie had been no lecunence in the follow-up, and this is a very hopeful 
type of case 

Doctoi Cave suggested that I should say just a woid about something of 
the anesthetic management of the gasti ectomies and total gastiectomies be- 
cause it involves diffeiences of opinion It also bungs up a point which I 
think we should all have m mind, and that is the use of spinal anesthesia Now , 
I do not w^ant to debate that question because I know bow very contioveisial 
It IS, but certainly it has made the opeiation verj'^ much easier foi us Because 
we have had the oppoi trinity 111 a limited number of cases, now about 31 01 32, 
to employ this new^ t3'pe of continuous spinal anesthesia advocated by Doctoi 
Lemmon of Philadelphia, I wmuld like to speak about it 

When this method first w^as suggested to us by Doctor Lemmon, I had a 
considerable prejudice against it and I think it is but fan to state that that 
was my position I felt that peimitting an indwelling needle to remain wuthin 
the spinal canal duiing an operation was undesirable I feel that to repeatedly 
intioduce anesthetic solution into the spinal canal duiing an operation w^as also 
unsatisfactory It is but fan to say, how'evei, that after sending an anesthetist 
to Philadelphia to leai n the method, its employment, in even a limited numbei 
of cases, has been entirely satisfactoi)'^ I would certainly suggest m the light 
of oui expeiience up to the present that you do not make the mistake that I 
made 111 my prejudice against it If it continues to give the lesults that oui ex- 
perience and Doctor Lemmon’s up to the piesent pi onuses, it fulfills many of 
the requiiements foi spinal anesthesia that aie so desired It permits the intro- 
duction of a small dose, the production of a short anesthesia which can be 
added to as is lequiied and prolonged wnth lepeated doses up to an}'^ extent 
There have been no neuiologic complications In the past, one of the most 
undesirable featuies of spinal anesthesia over long periods of time has been 
the large amount of anesthetic agent which had to be introduced so that the 
length of anesthesia w^as established no mattei what fi action of it was used 

Dr Henry K Ransom (Ann Arboi , Mich , closing) I am glad that 
this jjaper on a lather unusual subject has stimulated such an inteiesting dis- 
cussion The two types of tumor under consideration 1 e , those arising fiom 
neive sheaths and those arising from smooth muscle, aie m fact very similai, 
and often distinguished fiom one anothei only by special studies and even 
then at times wnth considerable difficult}^ This distinction betw'een the benign 
nerve sheath tumors and the leiomyomas, as w'ell as then malignant counter- 
parts, IS largely one of academic interest, since fiom the standpoint of 
symptomatology, 1 oentgenologic findings, and suigical treatment, they are the 
same Since the piognosis is relatively good an effort should be made to 
recognize such tumois at an eaily date, and even though radical operations 
aie required foi their removal, the results justify such procedures, 
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During the past decade considerable iiiteiest has been aioused in the 
suigical treatment of iilceiative colitis Ileostom)^ as the first stage m the 
lemoval of the colon as well as a complete method m itself to effect “cure,” 
merits discussion Appendicostoni) , cecostomy and, except foi ceitam cases, 
colostomy have been discarded as mettectual smgical measines, and have m 
the past and do at piesent complicate furthei suigeiy wdien undertaken 
Ileostomy deserves no such fate 

Realizing the magnitude of subtotal colectomy w’lth suhsecpient removal 
of the lectum, the question has repeatedly been asked, Will ileostomy alone 
cute this disease^ Theie are those^ - ^ wdio have felt if ileostomy is pei- 
forined early enough m the couise of the disease no fuithei opeiative mtei- 
feience is needed and the ileostomy can be closed wdien the piocess has 
healed Others'* "* ^ " aie of the opinion that ileostomy alone is seldom dila- 
tive and, except m lare instances, should lemain peimanent 

This piesentation wall submit data concerning the indications foi ileostomy 
— the pieoperatne medical piepaiation, the immediate preoperative suigical 
pieparation, the technic of ileostomy the jiostopeiative management as to 
diet, the care of ileostomy, and the complications and the mortality Also, 
the results of a questionnane sent to members of thiee national suigical as- 
sociations® wall be given, as w'ell as expeiiences with ileostomy at the Roose- 
velt Hospital, New' York 

At the outset, it is well to emphasize the impoitancc of complete medical 
control of both preoperative and postoperative periods, and thioughout the 
illness of these patients Let the physician and surgeon jointly decide the 
time for surgical intervention and, further, the follow'-up should be carefully 
observed by both physician and suigeon 

Indications for Ileostomy — To subject an individual to ileostomy w'hich, 
in all but a small percentage, is peimanent lequires cautious leflection In 
the small group of about lo pei cent, wdieie the lectuin is free of the disease, 
ileosigmoidostomy is eminently suited, and in an equally small group, w'heie 
the disease is pi oven limited to the left colon, colostomy, i datively easily 
managed, suffices 

The conditions requnmg ileostomy may be classified under tw'o headings 
(i) Emeigency, (2) elective 

Emei gency — In the emergency group impending pei f oration often neces- 
sitates immediate intervention Heretofore, massive hemorrhage has been 

* Read before the American Surgical Association St Louis, Mo, May i, 2, 3, 1940 
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considered an indication for emergency ileostomy Realizing by past ex- 
periences that ileostomy, performed at or immediately following massive 
hemorrhage, is almost always fatal, and that vitamins K and C have been a 
competent factor in controlling bleeding, we discard this from the lists of 
indications 

Elective — More numerous are the patients m whom elective surgery can 
be planned A previous report from the Gray Service of the Roosevelt 
Hospital® pointed out that the medical prognosis m the individual case de- 
pends upon the extent of irreparable damage to the colon and the identifica- 
tion and control of factors contributing to activity of the disease 

In certain instances despite advanced and permanent organic changes in 
the colon, evaluation and control of these factors permits the individual to 
remain largely, if not completely, symptom free under ordinary conditions 
of life or activity Such individuals necessaril}^ must be classed as instances 
of satisfactory response to medical caie Surgical intervention is not in- 
dicated 

Others, despite repeated investigation and reevaluation, present progres- 
sive extension of the pathologic changes and are continuously handicapped by 
chronic symptoms of greater or lesser severity Still another group continues to 
exhibit the characteristic periods of activity and remissions, accompanied by 
an extending involvement of the colon, and are seriously handicapped by their 
disease Surgery must he considered for these two groups 

The results of elective surgery will depend upon two basic factors (i) 
Technical procedures, (2) the preoperative and postoperative care This 
implies and actually necessitates continuous cooperation by the surgeon and 
the internist 

Pieopeiafwe Medical Study and Piepaiatwn — Adequate preparation for 
surgery demands meticulous, detailed, and prolonged medical investigation 
of the jiatient, in some instances as long as one year Many abnormal con- 
ditions which should be corrected among them are ( i ) Active food allergy 
(2) Disturbed ph)^siology of other parts of the digestive tract (gastric an- 
acidity produces diarrhea and flatulence , hypomotility of the colon with nght- 
sided retention contributes to the degree of pain) (3) Psychic and emo- 
tional factors (4) Conventional diets too low in proteins, thiamine chloride, 
vitamins A, C, D , and certain members of the B complex (5) Anemias — 
hypochromatic and microcytic, at times h3'perchromatic and macrocytic (6) 
Disturbances of mineral metabolism involving particularly calcium, phosphorus 
and sodium chloride (7) General malnutrition and inanition 

Anesthesia — ^\Ve have, in over one-half of the cases, used avertin, gas, 
oxygen and ether Lately, however, we have used novocain, procaine hydro- 
chloride and pontocaine, m small amounts, administered low in the canal, as 
a prolonged anesthesia is not necessary m carrying out this proceduie 

Immediate Pi eopeiative Smgtcal Piepaiatwn — Immediate preoperative 
suigical preparation consists, principally, m thoroughly cleansing the colon 
b) the use of daily irrigations with warm saline solution It is important 
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that the fluid balance and the blood chemistry be legulated by the administra- 
tion of infusions and, if necessary, transfusions Recently, it has been shown 
that befoie and aftei surgical procedmes, the vitamins, especially vitamin C, 
are markedly reduced, theiefore, Mtamm supplements are admmisteied suf- 
ficiently to satuiate the patient 

A nonresidue diet is advisable foi 36 houis pi 101 to pioposed operation, 
and lead and opium pills and paiegoric lendei the bowel quiescent 

Technic of Ileostomy — Ileostomy as a surgical procedure has been known 
foi 150 yeais^® It nas not, however, until 1913 that John Young Brown^^ 
made use of this procedure m ulceiative colitis Since then vaiious modifica- 
tions of the Brown ileostomy have been employed One of us (H W C) 
foi the past two years, has employed a foim of ileostomy which has pioved 
satis factoiy 

A modified JMcBuiney incision is made well away fiom the anterior su- 
peiior spine (Fig r) The peiitoneum is opened The terminal ileum is 
caiefully inspected (m about 25 pei cent of the cases it was found that the 
teiminal ileum appeared reddened, edematous and iigid, yet when reexamined 
at the stage of subtotal colectomy, only m four instances was it actually in- 
volved) We lay gieat stress about the advisability of not exploring the 
surioundmg peiitoneal cavity, at this time, for the leason that disastei has 
come of this The wall of the cecum is thinned out In places it is diseased 
and it is easy to perfoiate the cecal nail with the examining finger if gieat 
care is not taken Garlock^- cites one experience when, inadvei tently, he 
pushed his examining finger through the diseased wall of the cecum 

The exact site of division of the ileum depends upon the amount of in- 
flammatory process which is found to be present, and upon pievious roent- 
genologic studies Usually six to eight inches fiom the ileocecal valve, the 
small bowel will be found to be normal Two facades of vessels 111 the 
mesentery are then divided for about thiee inches It is, at this point, ju- 
dicious to see that the ileocolic aiteiy has not been injured A small stab 
wound IS then made one and one-half inches below the umbilicus, just to the 
left of the midline This is to be the site of the distal divided end of the 
ileum, which becomes a mucous fistula One purpose of placing this mucous 
fistula at this point is that at the second stage, when the entire colon is re- 
moved, this mucous fistula is m the line of the long, left, paramedian incision 
Certainly, the most difficult pait of subtotal colectomy is the division of the 
splenophremc-colic ligament and it is foi this reason that a long incision on 
the left side of the abdomen is preferable, so that this step of cutting the 
splenophrenic-colic ligament is made easier 

An Ochsner clamp is introduced through the stab wound below the um- 
bilicus on the left side and is placed to the distal side, wheie division of the 
ileum is to be made A Kocher clamp is introduced through the J\IcBurney 
incision and this giasps the proximal portion of the ileum The ileum is 
then divided transversely with the cautery 01 a caibohzed knife (Fig 2) 
The distal end of the divided ileum is then diawn out as a mucous fistula 
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through the stab uound, to the left of the midhne, and a few sutures are 
taken in the mesentery to prevent reti action (Fig 3) 

The proximal end of the ileum is then brought out thiough the lower 
angle of the McBuiney incision, m fact, of late, we have found it preferable 
to divide the fascia ovei the lectus muscle, push the lectus muscle medial- 
ward, if necessaiy divide its outer fibers, thus being assuied that the ileostomy 
will be towaid the midhne and well away from the anteiioi superior spine In 
order to prevent loops of small intestine fiom piolapsmg through the lent 
in the mesentery, and also 111 an effort to prevent the ileostomy fiom pio- 
lapsing, interiupted sutuies attach the cut end of the mesenteiy to the peii- 
toneum well undeineath, and to the fascia The wound is now closed in 
layers about the pi oti tiding ileum (Fig 3) 

Two inches of ileum should piotrude fiom the anterioi abdominal wall 
The clamp is immediately lemoved fiom the proti tiding proximal ileum and 
a good-sized rubber tube is placed into the stoma and caieftilly tied with a 
segment of cotfon tape A gi eased gauze diessmg is applied 

The tube connects with a bottle over the side of the bed and usually 
within 24 hours it begins to function The tube usually remains secure in 
the ileum foi about eight days, at which tune it drops out and the contents 
of the ileum pour out on the anterioi abdominal wall Caution should be 
exercised to enminate any excoiiation of the skin 

We have found this best prevented by the use of Fust, applying com- 
pound tincture of benzoin, ovei this is spiinkled Fullers’ eaith, and a salve 
made of aluminum powder, cod liver oil and zinc oxide aie frequently used 
Fiom the beginning, the patient is instructed to look aftei his own ileostomy 
Pledgets of cotton aie supplied to him in abundance so that the discharge 
may be wiped awa}^ at frequent mteivals 

Posfope) afive Managcvient — Immediately following ileostomy, a tians- 
fusion IS administered In ordei to insure the immediate functioning of the 
small bowel through the newly made ileostomy stoma, adequate fluids, by 
venoclysis, 01 Hartman’s solution and 5 pei cent glucose in saline aie ad- 
ministered 

Serum protein, the chlorides and calcium content of the blood are care- 
fully checked at intervals following opeiation Detei mination of plasma and 
serum specific gravity is also of value m aiding the maintenance of chemical 
balance If there is found to be a deficiency m vitamins K and C or if a 
raised prothrombin time is piesent, these Autamms are given Thiamine 
chloride 25 mg is given intramuscularly foi three days piior to opeiation 
and for the first ten days postoperatively This vitamin assures an impioved 
appetite and aids materially in coaxing these patients to begin eating earlv 
following the operation and maintains the desire for food This factor is 
impoitant m the restoration of function of the ileal stoma 

The day of the operation, the patient is urged to chew gum and is given 
Clacked ice For the first day postoperative, soda crackers and melba toast 
with cracked ice aie alternated every two hours with orange or lemon juice 

751 



CAVE AND NICKEL 


Annals; of Surgen 
October 104 0 


until the ileostomy drainage begins A soft, low residue diet is given in the 
afternoon as small feedings every three hours The second day postoperative 
the soft diet is continued as six feedings with copious amounts of fluids On 
the third day aftei opeiation, a moie solid diet is permitted This diet is 
continued until the tube diops out, usually from the eighth to the tenth day, 
when a legular diet is instituted, unless food idiosyiiciasy is known to be 
present 

In those patients wheie the serum protein tends to be low m spite of 
transfusions, a high protein, high carbohydiate diet is advisable 

The following beneficial results aie enumeiated (i) The ileal stoma 
functions usually within 24 hours (2) There is a minimum amount of 
postoperative gas and distention, thus the risk of vomiting and ileus is mini- 
mized (3) The sense of well-being is rapidly restored (4) The weight is 
maintained, so that usually the convalescent weight loss is seldom more than 
three to flve pounds 

Comphcafwiis of Ileostomy — The complications of ileostomy, often an- 
noying, are seldom fatal Bleeding fiom the mucous membrane lining the 
stoma IS occasionally thought by the patient to be involvement of the small 
bowel In one instance bleeding so severe occurred that adienalm and pres- 
sure bandages had to be resorted to 

Prolapse of the ileum is not uncommon m the earlier cases in our senes 
before suture of the ileal mesentery to the fascia was carried out Many 
prolapsed, seveial protruded four to six inches from the surface of the 
anterior abdominal wall, and still do As yet, m no instance have we had 
to revise an ileostomy for this reason 

Retraction of the stoma from the abdominal wall may occur, especially 
in fat individuals where it has proved difficult to estimate the proper amount 
to withdraw from the abdomen Careful fixation of the mesentery to the 
fascia will prevent this 

In three instances, narrowing of the stoma with impending stricture has 
resulted from too close suturing of fascia about the bowel This we have 
overcome by repeated daily dilatations by the patient’s index or little finger 

A poorly selected site for the ileal stoma m oui one experience (too near 
the anterior superior spine) necessitated an additional operation in order to 
transplant the opening nearer the midline of the abdomen 

Due to an ill-advised suture m the ileal wall itself, secondary openings 
proximal to the stoma developed, in two of oui patients, necessitating re- 
visions m both instances 

Intestinal obstruction, paiticularly of loops of the small intestine, is a 
complication to be dreaded One of the patients in our series suffered from 
acute ileus on two different occasions Enterostomy fortunately relieved the 
first obstruction, removal of the ileostomy stoma to the left side of the ab- 
domen was deemed necessary following the second episode, and subsequently 
proved to be justified Two other individuals were temporarily blocked, were 
hospitalized and ^\ere lelieved by palliative measures 
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An unusually striking sequela of ileostomy was repeated attacks of pro- 
nounced collapse due to the loss of NaCl from the sudden and rapid ejection 
of fluid from the ileostomy stoma This patient was so debilitated that he 
has returned to the hospital upon three occasions seeking intravenous ad- 
ministration of fluids and chlorides 

Results of QuesHonnave — The answers to our questionnaire revealed 
noteworthy information We were particularly interested to learn First, if 
patients had been cured by ileostomy alone , and second, whethei subsequent 
closure of ileostomy had been justified 

Tablc I 

No of Ileostomy Without Closure 

Patients 

77 Results not given 

26 Results given 

13 of these 26 were symptom-free, a few “cured” 

13 of these 26 symptoms continued 

51 Deaths, or mortality of 33% 

Total 154 

With the results given m onl}^ 26, excluding deaths, no conclusions can 
be drawn as the number is too small It was of mteiest to note that m two 
patients the disease progressed beyond the ileostomy into the adjacent proxi- 
mal loop, reemphasizing the now indisputable value of tiansverse or single 
barrel over loop ileostomy However, the mortality following ileostomy of 
this group of 154 patients was 33 per cent, which is not unexpected con- 
sidering the published reports of various other surgeons This mortality 
impi esses one with the seriousness of ileostomy The principal reason for 
the mortality in many instances is that surgical aid is frequently sought too 
late The acute, fulminating group with actual 01 impending perforation, 
massive hemorrhage, or chronic intractable patients who have been debilitated 
to a marked degree and who have been inadequately treated medically, are 
bad surgical risks Admittedly, ileostomy is not a difficult technical pro- 
cedure, It was, in the past, attended by a considerable mortality Cattell’s'^'^ 
mortality of 22 per cent , Kunath’s^"* 83 per cent mortality following ileostomy 
m 12 patients, and our total mortality of 23 per cent, all emphasize the ne- 
cessity of earlier surgical intervention and better preparation for operation 
In certain individuals, thorough medical study and careful postoperative care 
are essential In no small measure has the high mortality been due to a rapid 
and excessive loss of fluid and chlorides immediately aftei operation 

Of this small group who were subsequently closed, 59 per cent were re- 
stored to health, for an average of nine years This is encouraging, yet 
from the answers it was difficult to conjecture the degree and the extent of 
the pathologic process prioi to the preliminary ileostomy 

The shortest elapsed interval between establishment of ileostomy and 
closure was two months, the longest approximately seven years The op- 
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tinuim time foi closuie (if they aie to be closed) does not depend on the 
inteival between the establishment of ileostomy and its closuie, as on the 
condition of the bowel and extent of the colonic lesion as detei mined by 
loentgenologic and proctoscopic examinations and the clinical signs and 
symptoms 

Table II 

No of Ileostomy with Subsequent Closure 

Patients 

22 or 59% Restored to health Follow-up 2-20 yrs (average 9 vrs ) 

9 or 25% Recurred 

I — Nothing done 

3 — Reoperated upon Second ileostomy necessarv (2 of 
these symptom-free i not improved) 

5 — Not stated what was done 

Mortality in Those Closed 

6 Deaths, or 167% 

I Died I mo later — leakage at site of anastomosis (ileosigmoidostomy) 

I Died 2 yrs 1 iter — recurrence 
I Died 8 yrs later — recurrence 
3 Cause of death not stated 

Nine of these patents showed a lecuiience of their disease following 
closure, thiee were opeiated upon and second ileostomies were found to be 
necessaiy It is our opinion that it is a raie expeiience to successfully close 
an ileostom}'- in ulceiative colitis when the colon shows extensive ulceiation, 
fibrous 01 pseudopolypoid degeneiation Gailock,^^ of tbe Mt Sinai Hos- 
pital, New Yoik, IS stiongly m favor of pieseivmg the lectum, m the hope 
that the process will subside to the point wheie it will be safe to close the 
ileal stoma and divert the fecal cm lent thiough the anal opening by pei- 
foiming an ileoproctostoni}^ The moitality of 167 pei cent, or even highei 
death late, can be expected not only fiom technical risks but fiom late le- 
curience Mackie’s^** contention is endoised, that ‘It is impossible to say 
that aftei any given period of freedom fiom activity the disease will not 
lecur ” 

Fiom leplies received, hut few of the patients fell into the acute, ful- 
minating gioup, and it was evident that the majoiity of pioceduies earned 
out cveie of an elective nature 

EXPERIUNCE AVITH ILEOSTOMIES 
FROM THE 

GRAY SERVICE AT THE ROOSEVELT HOSPITAL 

Three bundled five patients suffering from ulceiative colitis have been 
treated on the Gray Seivice at the Roosevelt Hospital during the last foui 
3'ears Of these, 45 have been subjected to some surgical piocedure Sixty- 
nine manein^eis have been carried out on these 45 individuals Of these, 
30 have been ileostomies There weie 23 males and seven females The 
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aveiage age of these 30 patients was 298 yeais The aveiage duration of 
symptoms was seven yeais, the shoitest illness lecoided was two weeks and 
the longest was 25 yeai s It was of mtei est to note the status of these individuals 
\\hen they came to suigeiy Eight weie subjected to opeiative interfeience 
on account of peifoiation, two on account of hemoiihage, thiee on account 
of obstiuction and 17 because they weie suffeiing fiom the disease in a 
chionic mti actable foim 


Table; IIT 


STATISTICA^L lU SUMl Or ILCOSmMY DEATHS 


Ileostomies 

Emergency ileostomies 
Elective ileostomies 


Patient 

Type 

I S B 

Emergency 

2 F G 

Elective 

3 F K 

EmergencA'' 

4 G S 

Emergency 

S C D R 

Emergency 

6 J N 

Emergency 

7 W E 

Elective 

SDR 

Emergency 


No of Cases Deaths 

Mortality 

30 7 

23 % 

II 5 

45% 

19 2 

11 % 

Cause of Death 

Death 

Inanition 


Vitamin K deficienc}’’ 

Medical 

Peritonitis 

Surgical 

Peritonitis 

Surgical 

Massive hemorrhage 

Surgical 

Peritonitis 

Surgical 

Paralytic ileus 


Hemorrhage 

Surgical 

Embolism 

Surgical 

Pentomtis 

Surgical 


The extent of the pathologic lesion, as piesented, showed Extensive 
ulceiation m 17, fibiosis and shoitening in 16, and pscudopolypoid degen- 
eiation in 12 In oui expeiience ttith the eailiei cases, we made a piactice 
of sutuiing the distal divided end of the ileum and dioppmg it back in the 
peiitoneal cavity Realizing that a ceitain numbei of these cases would go 
foi a long penod of time befoie being subjected to subtotal colectomy, and 
due to a stiicture Avith a subsequent blow out of a sutuied distal end, it is 
bi ought out as a mucous fistula One might well say that this was not iiec- 
essaiy if caieful 1 oentgenologic study was made pi 101 to ileostomy, 111 01 del 
to determine the piesence 01 absence of an impending contiactuie Cattelh^ 
states “My decision not to diop back the ileum ivas based on the obseiva- 
tion of marked contractuies developed in the colon after ileostom}^ ” 

The most striking featuie of oui experience m this disease has been a 
lapid gam in the vast majority of these patients aftei ileostomy The aveiage 
weight gained in 16 of oui 30 patients was 27 pounds The aveiage length 
of time in vhich the weight was gained was five and one-half months 

Of the total ileostomies, theie weie seven deaths, 01 a moitahty of 23 
per cent In discussing the moitahty statistics of oui ileostomies, we have 
divided them into “emergency” and “elective” ileostomies Theie weie ii 
emeigency ileostomies with fiAe deaths, or a 45 per cent mortality Of the 
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elective ileostomies, theie were 19, with two deaths, a mortaht}' of ii pei 
cent Of the two deaths m the elective group, one died of peritonitis due 
to embarrassment of the circulation of the bowel wall, a technical surgical 
error, the second succumbed of an embolus six days after operation Of 
those in the emergency group that succumbed, three died of peritonitis and 
two died of hemorihage We are fearful of performing ileostomy upon 
patients in the presence of massive hemorihages 

We did not assume that ileostomy alone 01 ileostomy with reestablish- 
ment of the fecal stream could have proven cuiative in any of the 30 patients 
leported from the Roosevelt Hospital Series, and was performed solely as 
a pieliminar)^ step to the ladical lemoval of the diseased colon and rectum 

There is an amazing psychologic improvement in patients who have sub- 
mitted to ileostomy, principally, we believe, because they realize some radical 
curative measure has been undei taken Following this procedure, except 
for a short peiiod postoperative, the patient gams in weight and m stiength 
The ileal stoma is occasionally lelatively quiet at night, and although they 
suffei the annoyance of an artificial and misplaced anus, they finally and 
full}'- realize that in ordet to live they must put up with this inconvenience 

CONCLUSIONS 

(r) Appendicostomy and cecostomy based upon false piemises (irrigat- 
ing the colon with antiseptic solutions, m the hope of destroying invading 
oiganisms and thus effecting a cure) are discaided as useless 

(2) Indications foi surgeiy 

A Impending perfoiation 

B Progressive extension of pathologic lesion , patients continuously 
handicapped by the disease 

C Patients exhibiting peiiods of activity and remissions destroying 
their usefulness 

(3) Detailed and usually prolonged medical supei vision should adjust 
the following disturbances 

A Active food allergy 

B Altered physiology of other paits of the digestive tiact 

C Psychic and emotional factois 

D Avitaminosis 

E Anemias 

F Mineral metabolism involving paiticularly calcium, phosphoius and 
sodium chloiide 

G General malnutrition and inanition 

(4) Pi 101 to operation the fluid balance and blood chemistiy are adjusted 
Vitamin supplements are administered to maintain pioper vitamin levels A 
nonresidue diet diminishes the presence of small intestinal contents at the 
time of opeiation 

(5) A geneial and a small amount of spinal anesthesia aie equally suf- 
ficient 
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(6) The steps of a new ileostomy aie outlined 

(7) The feeding of dry foods, followed almost immediately by a regulai 
diet, insures a minimal amount of gastric distention and forcible peristalsis , 
results m early functioning of the ileal stoma 

(8) The deductions fiom a questionnaire leveal that 

A Ileostomy is raiely a curative piocedure m ulceiative colitis 
B In very raie instances, the continuity of the gasti o-mtestmal tract 
may be successfully reestablished 

(9) Ileostomy is, in the majority of instances, primarily earned out as 
the first step m the complete lemoval of the colon and rectum 

(10) At present, the mortality following ileostomy in the emergency 
group of our senes was 45 per cent, howevei, in the elective group it was 
only II pei cent 
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Discussion — Dr Harvey B Stone (Baltimore, Md ) One may di- 
nde the cases upon whom ileostomy has been performed for the treatment 
of ulcerative colitis into thiee groups, dependent upon their subsequent 
course following ileostomy There is a small group that fail to improve either 
in their general condition or in the local disease m the bowel On the con- 
trary, they get worse That group to which Doctor Cave has given a great 
deal of attention in his own work, although he did not emphasize it in the 
paper, probably are best treated by stage-colectomies A much larger group 
improve materially m their general condition They gam weight They gam 
strength Their blood count comes back to normal Their temperature re- 
turns to normal They regain their working efficiency but the disease m the 
l^w^el, although static, is not cured That is the group about which the late 
Dan Jones used to say that ileostomy cures the patient but it does not cure 
the disease, and of the total group of ileostomy cases, this group, I think 
is by far the most numerous 
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Then theie is a thud smaller gioup who do recovei, not only insofar as 
their geneial welfare is concerned, but the disease heals, consequent to the 
lest affoided the colon as a lesult of the ileostomy, and in these people the 
ileostomy may be closed and the alimentary tract restored to normal I 
realize that there are many men, some of them quite experienced, who will 
deny the existence of such a group of cases — but there is such a group ' It 
has been inconti overtibl}' proved by expeiience and, as a mattei of fact, the 
statistics which Doctoi Cave has just shown us reveal that in, I think, 37 
cases of his total series closure was effected, and only 25 per cent of those 
closed had subsequent trouble So that there is a group m which permanent 
definitive cuie may be expected It seems to me that the problem of the 
tieatment of this disease should focus upon enlaigmg this group of cases at 
the expense of the othei two groups, so that we may get more people m 
whom ileostomy can produce a definitive cuie, and, to do this, it seems to me 
it IS essential that the tieatment be invoked befoie irieveisible changes have 
taken place in the laige bowel I cannot see that theie is much hope foi a 
permanent cure aftei the disease process has extended into the wall of the 
bowel, undei the mucosa, and converted the colon into a rigid, fibrous tube , 
theiefoie, I think that we should urge opeiation before these iiieversible 
changes have taken place 

I believe theie is at least a criterion which might be employed to decide 
when to advise ileostomy In the past, I think it has been the custom to 
advise ileostomy on the basis of the two suggestions made by Doctor Cave 
The progressively unmteriupted progiess of the disease downward, what he 
calls his grave, continuous cases , or the intermittent but constantly recui rent 
group of cases I would suggest that anothei test be applied in advising 
ileostomy, namely, the discoveiy, by repeated roentgenologic examination, of 
the beginning of permanent change m the large bowel When the ladiologist 
leports that all the haustration is disappearing from the colon and that, on 
fluoroscopic examination, it is beginning to lose its flexibility, you have theie 
evidence of the initiation of irreveisible changes, and that is the time to em- 
ploy ileostomy befoie those changes have gone any fuithei 

Why do we not do this^ Well, I think there are two reasons In the 
first place, clinically, many of these patients, even aftei having been ill a 
good while, enjoy a period, at least, of recovery, and the doctor and patient 
constantly hope that this individual case will, tomorrow or next week oi 
some time soon, have a lecovery which may be permanent, so that the con- 
stant hope of spontaneous 01 medical cure defeis operation I suggest that 
if roentgenologic examination shows changes in the 01 game stiucture of the 
colon, that hope be abandoned The second reason ileostomy is deferred is 
because of the extremely disagreeable natuie of the treatment As a mattei 
of fact, I think many people feel that the treatment is worse than the disease 
It occurs to me that that is a challenge to surgery, to our technical mastei)^ 
of this problem, to see whethei theie may not be some method by which a 
better type of ileostomy can be performed to diminish the disagreeable fea- 
tures consequent upon its peiformance 

(The speaker here demonstrated by lantern slides a proceduie which he 
had employed m thiee cases ) After the ileostomy had been established, an 
incision was made mesially to it A loop of ileum immediately above tbe 
stoma was drawn out, its twm aims sewn together by a posterior suture, an 
incision made, similai to that of a Finney pjdoioplasty betw^een the two aims 
and the anterioi suture completed This lesulted in the production of a loop 
that w'as self-anastomosed, and which formed a collecting reservoir im- 
mediately proximal to the position of the stoma 
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This pioceduie was undei taken in the fiist instance to coiiect a veiy 
annoying, long piolapse through the ileostomy stoma It did that efficiently, 
but It also considerably slowed up the numbei ot dischaiges fioni the stoma, 
led to a consideiable absoiption of fluid and a thicker consistency of the 
material dischaiged So that I have employed this pioceduie in two othei 
cases, in the hope that this might impiove the status of these people who have 
an ileostomy This point m opeiative technic is meiely offered as a first 
suggestion of an attack upon the problem of ileostomy, m ordei that it may 
be made a moie toleiable condition and, therefoie, i educe the leluctance of 
doctois and patients to subject patients to this foim of tieatment 

How can one tell wdien a patient, who has had an ileostomy performed, 
IS a fit subject for closure of the stoma ^ Well, m addition to all the ivell- 
lecognized tests, lecoveiy fiom his illness, lestoialion to weight, blood count, 
etc , in addition to a pioctoscopic examination ivhich shows a noimal mucous 
membiane in the lectum and lowei sigmoid and to i oentgenologic study of 
the highei poitions of the colon, I ivould suggest one fuithei test If a pa- 
tient, othenvise apparently leady foi closuie of the stoma, has his colon in- 
jected pel lectum wnth two liteis of normal salt solution, the fluid letained 
a little ivhile and then expelled, collected, centiifuged, and the piecipitate 
examined micioscopically for led cells and leukocytes, and none such found, 
I believe that one can then safely close the stoma 

Dr Fredlric W Bancroft (New Yoik, NY) I should like to discuss 
the thud gioup that Doctoi Stone refeiied to — the gioup wdieie the ileostomy 
may possibly be closed I have closed foui One caused a veiy sudden re- 
crudescence of the disease, resulting in mortality One, I follow^ed for one 
year, and was w^ell wdien last seen , one, for foui yeai s, wdio w^as still w^ell 
I should like to give an eight-year-okl histoi}' in lantern slides, if I may, of 
a man wdiom I opeiated upon m 1932 (Doctoi Bancioft heie show^ed lan- 
tern slides of the condition of the man befoie opeiation, and then follownng 
his ileostomy in 1933 ) 

A baiium enema study was made in 1934, at w'^hich time the patient w'^as 
seen by Doctor Stone, wdio sigmoidoscoped him, and we thought W'^e \veie 
safe 111 reimplanting the ileum This opeiation w^as peifoimed, in 1934, by 
transplanting the ileum into the transveise colon He w^as w^ell foi about 
one yeai, and then had a leciudescence of his dianhea aftei chopping wmod 
fishing and paddling a boat, so that, in 1935, the cecum and ascending colon 
w^ere resected as fai as the anastomosis Since that time, he has been very 
wHl , has been able to cany on his business, and has been veiy active m fisli- 
mg, hunting, climbing and golfing Barium enemata, m 1936, 1937 and 
i 939 > show’^ed a moderate polypoid formation of the descending colon, wdiich 
has deci eased wnthm the past yeai, and wduch show's, A'eiy definitel)', the dis- 
appeaiance of the pipe-stem appearance of the bow'el It is my impression 
that this polypoid formation, m some cases, is the lesult of healing — and not 
the pi ogress of the disease It has been now' thiee years since he has had 
blood in his stool His only objection to me as a doctor is that I wnll not let 
him play 36 holes of golf a day I have lestiicted this exeicise, as he has 
a lathei w'eak abdominal wall and I feel that golf may be too much of a thiust 
on his abdomen 

Dr Frank H Lahey (Boston, Mass ) I think this is an extremely im- 
portant subject I feel sure that a gieat many patients die needlessly every 
year due to the fact that w'e do not get the gastro-enterologists and the med- 
ical men to cooperate well enough wnth us about eaily ileostomies Those of 
us w'ho have the good fortune to have gasti o-enterologists 01 medical men 

759 



CAVE AND NICKEL 


Annals of Sursen 
October 1940 


associated with us, can get early ileostomies done because of the fact that we 
have made oui mistakes together, and have learned not to put these cases off 
until the disease is too advanced What we need is to get before the medical 
public the fact that this late delivery of patients with ulcerative colitis, who 
are candidates foi ileostomy, to surgeons, results in most of the mortality of 
this disease 

We have had to date approximately 300 patients with ulcerative colitis, 
and it IS only by the bittei experience with the results of delay that we have 
been able to convince even our own gastro-enterologists that these patients 
should be operated upon earlier On the other hand, there are some things 
to be said in the gasti o-enterologists’ and medical men’s favor who delay 
ileostomy We must admit it is a very pool type of enterostomy and, no 
matter what one may say about its necessity, it must be admitted, also, that 
it is an undesirable type, therefore, no one wants it It is but natural that 
the patient and his medical adviser should delay having it undertaken as long 
as they can On the other hand, this is an extremely difficult psychologic 
situation and one, of course, that can and does result in undue delay and at 
times unnecessary fatalities 

I do not quite agree with Doctor Stone that this early change in the colon 
should be an indication fin ileostom}'^ because we have to admit that there are 
many patients with fairly ngid-appearmg colons who are getting on very well 
I wonder if I, myself, might not possibly accept a fairly rigid colon with 
some hazard rather than an ileostomy From our experience with those 
patients who have had ileostomies (70 in number) m our hands and those 
patients who have not required suigery and who are getting on reasonably 
well without It (59 pel cent of all the cases which we have seen), there are 
many who have quite rigid colons and who have had fairly rigid colons over 
a number of years but have still been able to manage without an ileostomy 

We should be caieful as to the type of ileostomy which we employ There 
IS no doubt but that the end-ileostomy, of the divided type which has been 
described by Doctor Cattell in this clinic, is the best type But this type 
requires considerable technical manipulation which in very advanced and 
toxic cases will undoubtedly result in fatalities wdiich would not occur in less 
advanced types It is, theiefoie, impoitant to divide those cases into the 
very severely ill who will stand nothing moie than the loop-ileostomy, even 
if it IS undesirable, without manipulation of the colon in any way, and those 
m whom a divided-ileostomy may be performed and so implanted m the 
abdominal wall that later colectomy can be undertaken without difficulty 

One other point, and that is that everyone who deals wnth ileostomies wall 
have trouble wnth them We have had them prolapse and we have had them 
pull aivay, therefore, some time ago, we advocated the suture of the mesentery 
to the abdominal wall This is a verj important point m preventing prolapse 
and the pulling aivay of the ileum m these cases 

One other very important point is that some type of fairly tight suction 
tube be introduced into the ileostomy immediately after it is made until good 
wound healing has taken place, because liquid fecal discharge is one of the 
things that breaks the ileostomy down Doctor Lium, an exsurgical fellow 
in our clinic, has devised a type of ileostomy tube uhich can be inserted into 
the ileostomy immediately, which will keep it dr}" w"hile the w"Ound heals 
soundly, and I think that is an important point 

We haA"e here, I believe, a most difficult situation, and Avhat Doctor Cave 
has said is extremely important that is, we w"ill ahvays have difficulty as long 
as the gastro-enterologists or medical men handle these cases separately, and 
then turn them over to us as technicians solely to do these things When they 
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can see and feel lesponsible foi the undesirable effects of delay, and when 
even aftei temporary good results with ileostomy, later recurrence of blood, 
increased pulse rate and elevated temperature and fatalities also take place 
as the result of delay, then we will get them to submit their patients to early 
ileostomy and to early colectomy 

One other thing, and that is you can assure a patient with ileostomy that 
after you have perfoinied the colectomy the ileostomy will be easier to man- 
age, the number of stools will be less, and the type of discharge will tend to 
be more solid 

, Dr Vernon C David (Chicago, 111 ) I should like to endoise the early 
ileostomy, largely from the standpoint of some of the veiy serious things 
that happen m delayed ileostomy, and in which seiious damage of the bowel 
has occurred My experience has differed somewhat from Doctor Ban- 
croft’s intimation that polyposis, occurring m chronic ulcerative colitis, is a 
favorable lesion We have recently had the opportunity of examining a colon 
which for many years had been ulcerated in which polyposis had occurred, 
and contraiy to our usual view that these lesions are purely hyperplastic 
lesions of isolated areas of mucosa which have been preseived between the 
ulceis, one can trace not only hyperplastic lesions but also can find tumois 
which in all respects resemble papillomata and adenomata of the colon 

One further remark about the undesirability of having late ileostomy 
The disagieeable complication of stricture and thickening of the bowel and 
the development of polypi has occurred in three of our patients who have 
developed, after long-standing ulceiative colitis, carcinoma of the colon We 
have, at the present moment, a woman m whom, about six months ago, we 
lesected the transveise colon for carcinoma, who now has another carcinoma 
m the rectum So that these long-standing ulcerations with polyposis have 
really serious significance 

Dr Edwin M Miller (Chicago, 111 ) Presented a slide of a child, 
age seven, with an intractable ulcerative colitis, in whom an ileostomy, after a 
six-month period of trial, has been eminently successful thus far After 
three months on the Medical Service, following an illness of seven months 
previously, she was referred to us The ileum, as one can see, was completely 
divided, and the skin flap brought together between the open ends of the 
bowel She has ver}'- rapidly picked up physically and mentally, and has be- 
come one of the happiest little patients we have in our ward at the County 
Hospital There has never been anything applied on the skin to prevent irii- 
tation, still the skin has always been in excellent condition She has spent 
most of her nights and a part of the time during the day face down upon 
a frame m which there is an opening, so that the contents of the proximal 
ileum drains directly into a leceptacle, and during the day, at intervals, the 
nurse irrigates this area with a little sterile watei 

I do not know when, if ever, I shall be able to close this ileostomy, but 
I do have an idea that, after sufficient time has elapsed, I shall try to see 
what the colon will tolerate, by collecting some of the material from the 
pioximal bowel and introducing it into the colon through a catheter, and hav- 
ing done that, over a sufficiently long time, without having evidence of a 
flare-up of the active process, I may find that the time will have arrived when 
we may close the ileostomy permanently 

Dr Henr\ W Cave (New York, N Y , closing) I do not aeree with 
JJoctor btone in the question of perfoiming ileostomies early If an ileostonu 
IS to be established eaily, the simple method is to bring out a loop of the 
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teiminal ileum, sew the loops together side-to-side, divide the loop, bring 
out the distal end at one end of the wound and the proximal end at the othei 
end of the wound, as is done in the Devine procedure in the colon Although 
I have not employed it, I believe it probably would be a simplei piocedure 
than the one Doctor Stone has suggested I firmly believe that patients show- 
ing early changes m the colon should have a piolonged and adequate medical 
supei vision Dr Thomas T Mackie, Director of the Grey Laboratories foi 
the study of ulceiative colitis at the Roosevelt Hospital, has shown me patients 
with eaily changes m then colon that would seem as though the}^ were going 
on to an iireveisible stage These patients, b}'^ medical management, have 
been cured foi periods of seven to eight yeais But it seems to me advisalile 
that a conseivative attitude should be taken m perfoiming ileostomy too soon 
We have one patient, a male, age 50, whose disease started at the age 
of 25, and he has had the disease foi 25 yeais We have roentgenogiams 
showing the stait of the disease aftei 20 years It was well into his lectum, 
but it tiaveled up his ascending colon into the splenic fixtuie, across his trans- 
veise colon and down to his cecum, and his teiminal ileum is involved as well 
He finally, after having had the disease for 25 yeais, submitted to ileostomy, 
and duimg these 25 yeais he has enjo3'ed veiy good health 

Anothei patient had an ileostomy perfoimed eight yeais ago She got 
along well, except during the fall, when she suffered fiom hay fevei, at 
which time she would have piofuse bleeding fiom the rectum Aftei eight 
yeais she finally submitted to a subtotal colectomy, and since that time has 
gained 16 pounds in weight She, appaiently, had been absoibing fiom this 
diseased colon and it was a menace to hei Theiefore, aftei eight yeais, nc 
felt that foi her to be in bettei health the diseased viscus should be lemoved 
Doctor David has commented on the question of the incidence of car- 
cinoma superimposed on chionic ulceiative colitis of the colon Fiom the 
literature, moie than I can gathei, I would say that 3 per cent of the patients 
nho have leached an irieversible stage of pseudopolypoid degeneration will 
develop cancel 
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In MAKING A STUDY of lesioiis of the laige intestine, we have considered 
separately those of the light side and those of the left side of the colon The 
study of lesions* of the light half of the colon was reported recently^ Foui 
cases, in which the tumoi occuiied diiectly in the midportion of the trans- 
veise colon, though analyzed separately, aie included in the piesent study 
Seventy-eight patients with caicinoma of the left half of the colon and 
tiansveise colon (exclusive of the lectum) were tieated at the University of 
California Hospital duiing the last ten yeais (1930 to 1940) Thiee of these 
had a second lesion of the colon, lequinng sepaiate lesection, bunging the 
total to 81 cases Of the 81, 32 received palliative tieatment only, and 49 
had lesections The opei ability of the whole senes, then, was 604 per cent 
All of us realize the necessity foi eaily diagnosis and tieatment 111 deal- 
ing with any malignant condition Failure to detect the disease eaily in its 
course may lesult fiom ignorance on the pait of the patient Too often it 
IS diiectly attiibutable to caielessness on the pait of the profession The old 
teaching that blood in the stool or a change in bowel-habit means a lesion 
soinewheie in the bowel is just as tiue as when it was fiist postulated 
Pei haps It IS even inoie important now, foi not only have we diagnostic aids 
at hand, but opeiative means of lehef as well foi patients whose diagnosis is 
made eaily It is the physician’s responsibility to use eveiy means at his 
command to find the souice of the tiouble 

Once the diagnosis is made, pieparation foi operation becomes of para- 
mount impoitance If the patient has an acute obstiuction, it is obvious that 
his symptoms must be leheved at once either by an indwelling nasal tube into 
the stomach, 01 by some foim of decompi essive operation such as cecostomy 
01 colostomy peifoimed under local anesthesia We piefer a combination of 
the two The distention 111 the laige bowel may be so great that there is 
dangei of luptuie of the cecum, and cecostomy may be necessary as an emer- 
gency measuie For patients who are not suffeiing from acute obstruction, 
some controveisy exists as to whether or not cecostomy or colostomy should 
be peifoimed some time befoie lesection is undertaken Some surgeons le- 
move lesions of the descending colon or sigmoid m one stage, eithei with a 
cecostomy 01 colostomy at the sa me opeiation, 01 without decompi essive 
Read before the American Surgical Association, St Louis, Mo , May i, 2, 3, 1940 
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operation of any type In our opinion, however, resection of any portion of 
the left side of the colon with a primary anastomosis is very hazardous unless 
cecostomy or colostomy has been performed previously Whether a colos- 
tomy is to be pel formed just above the lesion, or in the transverse colon, or a 
cecostomy is to be established, is a matter of choice for each surgeon We 
usually prefei a cecostomy because it is a smaller procedure, it can be per- 
formed under local anesthesia, and the wound is easier to close If properl}' 
made, it is adequate for cleansing the bowel before surgeiy Our custom is 
to pel form a cecostomy under local anesthesia During the next ten to 14 
days a nonresidue diet high in carbohydrates and vitamins is given, with trans- 
fusions of blood as needed to bring the blood picture to normal , daily washing 
of the bowel thiough the cecostomy and the rectum is carried out One 
ounce of Epsom salts in eight ounces of water is given each morning for 
several days before the operation The foregoing procedures allow the in- 
fection and edema of the pioximal bowel and tumor to subside, thereby mak- 
ing the sutuiing safer Two days before surgery, i gr lead and opium pills 
aie given three times a day to reduce the intestinal activity When possible, 
these patients are permitted to be up and aiound rather than at complete rest 
in bed Such a legimen brings the patient to the best possible condition 
before lesection is undertaken The patient who is gaming weight is a much 
better risk than one who is losing weight, and the time taken foi preparation 
befoie resection is veil spent 

The choice of anesthetic depends on the age, geneial condition and tem- 
perament of the individual patient, as well as on the location of the tumor 
Spinal anesthesia is not used for a lesion in the splenic flexure, but is used for 
lesions lower down The tiansveise incision, described by Hoag,^ is of great 
advantage in the lemoval of a tumor of the splenic flexure or the descending 
colon 

It should be apparent that no single type of opeiation is applicable to all 
lesions of the left side of the colon, one of a number of different procedures 
may be employed according to the necessities of the case The type of opera- 
tion chosen depends upon man}' factois — the age and general condition of 
the patient, the location and fixation of the tumoi and the preference of the 
individual surgeon If it is true that the method sometimes depends more 
upon the preference of the surgeon than upon the other factors, it is equally 
true that the method is not so important as the man behind it One surgeon 
may use clamps for the anastomosis , another may use the open method Each 
may be right, depending upon his training and experience In training a 
resident staff, however, it is important to teach one method of resection and 
anastomosis well 

In this group of 49 operations there were 13 Mikulicz procedures, three 
Rankin obstructive operations, three Hartmann piocedures, 22 end-to-end 
anastomoses, and eight side-to-side anastomoses 

The Mikulicz procedure does not permit the removal of so much lym- 
phatic-bearing tissue as a more extensive resection, and a longer period of time 
is required for complete closure when this procedure is used The Hartmann 
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operation is employed only when the lesion is so low as to pieclude an anas- 
tomosis to the short distal stump of bowel which remains, or when the gen- 
eral condition of the patient does not warrant an abdominoperineal resection 
This piocedure has the advantage that the peimeum and the neive supply to 
the rectum and bladder aie left intact Rankin’s obstructive operation need 
not be done if a previous colostomy or cecostomy has been pei formed as in- 
dicated above We prefer to do an anastomosis 

Our choice of operation is lesection, after the careful piepaiation described 
above, followed, if possible, by eithei an end-to-end oi a side-to-side anas- 
tomosis by the open method In perfoiming the resection, we free the bowel 
beyond and belou the lesion, using as wide a margin as possible and taking a 
laige section of mesentery with the tunioi Aftei the point of transection has 
been determined, the flow of the fecal stieam is conti oiled by the use of broad 
rubber bands around the bowel rather than the use of clamps The blood 
supply to the laige bowel is so piecarious that the use of clamps may injure 
It to the extent of causing thrombosis m the vessels, with delayed healing and 
even leakage The bowel is transected with the electrocoagulation unit and, if 
a side-to-side anastomosis is to be made, the ends are turned m with catgut 
sutures and leinforced with Halsted mattiess sutuies The loops of bowel 
are then held m approximation by stay sutures of silk and the first posterior 
row of mteiiupted silk sutuies is placed and tied The Halsted mattress 
sutuies of silk are laid anteiioily and leti acted ovei the stay sutuies The 
opening into the bowel is made with the electrocoagulation unit adjusted so 
that the coagulation \\ill conti ol all bleeding This prevents contamination 
of the suture line by blood fiom the incision into the bowel Local peritonitis 
around the line of sutuies predisposes to the bieakdown of the anastomosis 
with subsequent leakage, general peritonitis and death A low of continuous 
catgut sutures is placed posteiioily, taking the full thickness of the bowel, 
and IS tied The row of sutures previously laid anteriorly is tied and rein- 
forced with interrupted Lembert sutures of silk The anastomosis is further 
protected and walled-off from the small bowel by the omentum The ab- 
domen IS closed without drainage Essentially the same technic is used if an 
end-to-end anastomosis is performed 

Five deaths occurred among the 49 patients, a mortality of 10 per cent 
This compaies favoiably with the opeiative moitality m the 27 lesions of 
the light side of the colon (Table I) If the 49 opeiations aie divided ac- 
cording to then positions as transveise 01 left, it is seen that the mortality for 
lesions on the left side of the colon drops to 8 8 per cent (Table I) 

Of the five patients who died, one, a woman, age 47, succumbed suddenly 
on the seventh day after operation, presumably fiom pulmonary embolus 
This patient had had a cecostomy, followed in eight days by a resection with a 
side-to-side anastomosis Her course after operation had been remarkably 
smooth until the seventh day when, upon turning over in bed, she suddenly 
died Unfortunately, autopsy was not permitted, but the clinical picture was 
that of massive pumonary embolus 
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Table I 

COMPARATIVE MORTALIT\ OP RESECTION OF CARCINOMATA OF THE 

LARGE INTESTINE 



No of 

No of 

Mortality 


Cases 

Deaths 

Percentage 

Right colon 

27 

3 

II I 

Transverse colon 

4 

I 

25 0 

Left colon 

45 

4 

8 8 

Totals 

76 

8 

10 5 

Foui patients died fiom 

peritonitis , 

one, a woman. 

age 48, had seveie 

anemia, a blood pressure of 2 

10/114, and 

a considerable loss of weight befoie 


opeiation She died on the twelfth day after a Haitmann piocedure, as the 
lesult of wound infection, peiitonitis, paral3ftic ileus, and hypertensive heart 
disease Autops}^ was not permitted This patient might have been saved 
by the perfoimance of a cecostomy oi colostomy two weeks or so before the 
1 esection 

A man, age 65, died of peiitonitis on the fouith day aftei a Rankin ob- 
sti uctive 1 esection This patient had had a cecostomy two w eeks before resec- 
tion At operation, it was demonstiated that the tumor of the splenic flexure 
had peifoiated into the lateral abdominal wall, foiming an abscess Theie 
weie metastases to the livei Autopsy was secured in this case 

Another man, age 48, died on the fifth day aftei a 1 esection and end-to-end 
anastomosis which was performed ten days after a cecostomy The lesion nas 
adheient to the bladder and the lepair of the wound in the bladder bioke 
down Appaiently this was the souice of the infection as, at autops}’’, the 
anastomosis proved to be intact 

The fouith patient to die of peiitonitis succumbed foiii days after 1 esec- 
tion and end-to-end anastomosis of the transveise colon, which was followed 
immediately by a tube cecostomy Metastases to the omentum weie present 
In this case the anastomosis broke down, as proved by autops}' This patient, 
too, might well have suivived surgeiy if a cecostomy had been established well 
in advance of the resection 

In the group of five surgical deaths, then, two patients might not have died 
had the piopei prepaiation and treatment been instituted befoie resection was 
perfoimed In the last thiee cases, the lesions might fairly be classed as in- 
opeiable Nevertheless, in our opinion, resection was justified, even though 
cure could not be expected If such patients suivive surgery, their chances 
for comfort during the lemainder of then lives are so much improved that 
resection, even without hope of cure, is reasonable 

Adenocarcinoma was found in all 49 cases, 29 lesions occuned in the 
sigmoid colon, ten in the splenic flexure six m the descending colon and four 
m the tiansverse colon 

Of the 49 patients, 33 aie now living and well, three arc living but have 
metastases, and 13 have died (five following surgei}^ and eight after varying 
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periods of time, Table II) These eight patients had no gioss oi micioscopic 
evidence of metastasis at the time of surgery, yet they died of metastases in 
fiom SIX months to four yeais, three otheis are still living, but have metas- 
tases Of these ii patients, seven had lesection with end-to-end anastomosis , 
two had the Mikulicz operation, one had Hartmann's lesection, and one, 
Rankin's obstiuctive resection This result is discouraging and raises the 
question whether the lesections have been sufficiently extensive to remove all 
the lymphatic-bearing area In oui opinion, there is a tendency to lemove 
too little lather than too much especially when an immediate anastomosis is 
planned 

Table II 


RESUME OF PROGNOSIS OF CARCINOMATA 

OF THE LEFT HALF OF 

THF 

COLON- 

-49 

CASES 

Opera- 

Less than 

1-2 

2-3 

3-4 

4-5 

5-6 

6-7 

7-8 

No of 

tive 

I yr 

yrs 

yrs 

yrs 

3'TS 

yrs 

yrs 

yrs 

Cases 

Living and well 

6 

6 

7 

2 

5 

4 

2 

I 

33 

Living, with metastases 



I 

I 


I 



3 

Dead 5 

3 

2 

2 

I 





13 

Total 









49 


Foi the futuie, oui plan is to perform a much more extensive lesection 
of the bowel and the mesentery in patients who show no gioss evidence of 
metastases at the time of surgery We know that the spiead is upwaid and 
toward the midline By performing the more extensive removal we may be 
unable to effect an anastomosis at the time of lesection, but in some instances 
the bowel can be leunited at latei opeiation At least we shall hope to cure 
more of these patients 


SUMMARY 

A study of 49 cases of caicmoma of the left half of the colon is leported 
The deaths m this series aie analyzed and suggestions aie made as to how 
they might have been prevented Our method of caiing for patients with 
disease of the left half of the colon is outlined 
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^ Bell, H Glenn, and Henle\^, R Bruce Right Colectomy in One Stage Surger}', in 
pi ess 

' Hoag, Carl L A New Approach to Resection of Cancer of the Colonic Flexui es 
California and West Med, 45, 148, August, 1936 

Discussion Dr John A Wolfer (Chicago, 111 ) I am veiy happy 
to hear this repoit, and there are two 01 three points that I would like to 
stress First is the preoperative prepaiation I think that very frequently — 
too frequently — we push these patients suffering from carcinoma of the colon 
into a very serious, difficult, and long operative procedure without adequate 
pieparation We have been using over a period of years rather meticulous 
caie, hist, in the type of diet in attempting to reduce the putrefying organisms 
m the colon, giving a high carbohydrate and basal pi otem diet, and secondly 
lesorting to copious flushing of the colon in those cases that are not com- 
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pletely obstructed and can be cleansed Such a regimen may require as much 
as SIX to 12 days, which I think is time extremely well spent, as has already 
been brought out 

The second is a proceduie that I have employed during the past two oi 
three yeais Aftei the bowel has been sectioned, for instance, in doing an 
end-to-end anastomosis of the left colon, we thoroughly cleanse the cups of 
the sectioned ends with water oi salt solution followed with 5 per cent carbolic 
acid and 50 per cent alcohol This seems like empiric tieatment, but it came 
about in this way In discussing the matter of the high mortality in colon 
resection with Doctor Ivy, he stated that m all his colon woik upon dogs he 
had a tremendous moitahty from infection until he began using a procedure 
of this type He uses 5 per cent carbolic acid and 80 per cent alcohol, touch- 
ing the edge of the cut bowel wall with 95 per cent carbolic acid That 
seemed a little too diastic to me, so I compromised by using weaker solution 
of alcohol and omitting the 95 per cent caibohc acid 

Whether this procedure is as beneficial as I think it is, remains to be 
proven However, in one instance m which we performed a resection of the 
sigmoid with a piimaiy end-to-end anastomosis, with a tube decompression, 

I had the opportunity of seeing the abdominal cavity about one year latei be- 
cause of some complication that had arisen I was unable to find the site 
of the anastomosis which had been performed pieviously, even though I could 
judge very well its location from the site of fixation of the colon to the ab-- 
dommal wall due to the tube implantation The lumen of the bowel was not 
nan owed, there was no evidence of any cicatrisation, no adhesions were pres- 
ent, and the intestine looked perfectly normal I am reporting this for what 
it may be worth I am employing the procedure in eveiy case of large bowel 
lesection, and have no reason to feel other than that it is of great advantage 
m preventing infection of the bowel wall and contamination of the peritoneal 
cavity 

I am also pleased to hear the authors speak of the care 111 limiting the 
number of sutures in performing the anastomosis I agree, thoroughly, that 
we destroy more lives by using a large number of sutures than we save, since 
each time a suture is placed through the intestinal wall a slab culture is made 
by carrying infectious material into the wall Then, by tying the suture 
ischemic necrosis is produced The inoculation, in the presence of devitaliza- 
tion, provides the essentials for infection and furthei necrosis If too many 
sutures are placed, need we wonder wh}'- leakage takes place at the site of 
the suture^ 

We are employing one other piecaution, which I believe is worth while, 
namely, that immediately aftei an intestinal lesection, a gastric tube is in- 
serted and aspiration begun at once aftei the operation Wangensteen has 
shown that the largest amount of an or gas in the intestine consists of air 
that has been swallowed, and it seems logical that if the swallowed air is con- 
stantly aspirated, the intestines, in the majority of cases, can be kept perfectly 
deflated This we have demonstrated to ourselves on numerous occasions 

Another point is on some work that we have lecently intioduced on vitamin 
C deficiency in surgical patients We have found that many of the cases of 
malignancy have a high grade vitamin C deficiency — many in the scurvy level 
Formerly, we made blood vitamin C determinations m all cases but because 
of the almost uniform vitamin C depletion found, all patients are now given 
1,000 mg of ascorbic acid intravenously preoperatively for a number of days, 
and then postoperatively during the first week or ten days until the wounds 
are well healed We believe that this is another factor that will make the 
operative procedure safer and no doubt facilitate wound healing 
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At the present time, the accepted method of treatment of carcinoma of 
the cervix nteii is with interstitial radium and surface applications m the 
vagina, followed by high voltage roentgenotherapy to the pelvis As a result 
of this technic, certain complications have been observed In the piesent 
communication we will confine oui attention to injuiy to the large and small 
intestines by irradiation It is the impiession of many that this complication 
is on the increase, and, furtheiniore, that this increase has been due to the 
heavier doses of radium and roentgenotherapj' that have been administered 
in recent yeais When inquir)’’ into the relative role of ladium and roent- 
genotheiapy is started, one immediately encounteis contraiy opinions, but the 
author feels that the Aveight of evidence is 111 favoi of radium being the chief 
factoi It IS not, however, the pin pose of this paper to further discuss this 
problem of the gynecologist and the roentgenologist Rathei, we plan to 
deal with the complication as a definite fact and shall attempt to discuss its 
diagnosis and treatment from the general suigeon’s point of view 

Mild proctitis after treatment of the carcinoma of the cervix is not in- 
frequent The patient may have dial rhea, tenesmus and abdominal cramps 
Proctoscopic examination will reveal hyperemia of the mucous membrane, 
especially at the level of the ceivix With the passage of the instrument, it 
is not unusual to have a little bleeding By palpation, the mucous membrane 
feels soft With palliative treatment this condition usually clears up and 
leaves a normal appealing mucous membrane 

Beyond this comparatively mild reaction of the mucous membrane, more 
severe injury to the tissue may be seen, m which the clinical symptoms be- 
come moie severe, with the additional symptoms of blood and mucus in the 
stools Proctoscopic examination will then reveal seveie congestion of the 
mucous inembiane with patches of ulceration These ulceis, at first, will 
present soft edges to palpation, and, to vision, will show a dirty gray slough 
on the surface The ulceis bleed easily on examination Todd^ has repoited 
further changes m these ulcerated aieas 111 which the edges have become so 
hard to digital examination, and resembled carcinoma so much, that she has 
leferred to them as “pseudocarcmoma of the rectum” She reports seveial 
that were thought to be carcinoma of the rectum until biopsy had proved them 
to be otherwise Todd also reports aiiothei type of extrinsic injury to the 
perirectal tissues, with second ary involvement of the rectum In this second 

^‘■Presented hy Title before The American Surgical Association, St Louis, Mo 
Alav I, 2, 3, 1940 ’ 
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gioup, the pelvis may feel frozen, as if theie had been a massive invasion of 
carcinoma She lepoils that “the histology of both types of lesions have a 
staking feature m common, namely, vasciilai occlusion throughout, and it 
suggested that this phenomenon may be the vital one concerned — irradiation 
causing thiombosis in some of the smaller branches of the hemorrhoidal 
vessels, and this, spieadmg, leads to obhteiation of the blood supply of the 
lectum m the junctional legion, followed b}' the occuirence of mfaiction and 
mucosal ulceiation ” 

Some of these cases ulcerate into the vagina to cause lectovaginal fistulae 
01 into the peiiiectal tissue to cause periiectal abscesses that requiie incision 
and diamage With palliative tieatment, most of the patients with ulcei and 
lectovaginal fistulae will cleai up and leave a smooth mucous membrane 
But some will have a submucous scai foimation that will constiict the lumen 
of the rectum — enough to mtei fere somewhat with stools but not enough 
to obstiuct 

In the seveie cases, colostoiu}' may be indicated to give relief fiom pain 
and to 1 educe the infection m the lectum by diveision of the fecal cuiient 

CASE REPORTS 

Case I — Woman’s Hospital No 64177 Carcinoma of cerviv J D, age 32, female, 
was treated with radium, May 8, 1937, followed by high voltage 1 oentgenotherap> Re- 
admitted, April II, 1939, with historj' of intermittent lower abdominal cramps fsevere 
enough to force her to go to bed) and obstipation, suggesting partial ileus Barium 
enema showed an area of narrowing, 4 cm long, at the rectosigmoid junction The 
narrowing was smooth and the appearance was strongly suggestive of a localized radium 
proctitis 

Opciatton (W C W) — April 15, 1939 Many peritoneal adhesions were found 
The lower four inches of the sigmoid colon and part of the rectum just below the peri- 
toneum were thickened and indurated The peritoneal suiface of the sigmoid showed 
white areas with punctuate red spots scatteied thioughout There was no suggestion 
of metastases A Mikulicz colostomj was performed, and the patient allowed to go 
home She returned to the hospital in March, 1940, for closure of the colostomy 
Sigmoidoscopv of the rectum through the anus, and of the sigmoid through the colos- 
tomy, revealed healthy looking mucous membrane, but some tubular contracture of the 
bow'el The sigmoid just admitted a seven-eighths-inch sigmoidoscope The colostomj' 
was closed, April i, 1940 She w'as discharged, April 17, 1940, with a w'ell-healed ab- 
dominal wound, and has been having normal bow'el movements since 

It IS easy to believe that ladiuni may be the causative agent in injuries to 
the rectum, while the same may be said of the injuiy to the intestine that be- 
comes adheient to the ceivical stump 

Case 2 — Roosevelt Hospital No 352464- S , age 69, female, had had a supra- 
vaginal hvsterectomj 35 vears before she developed a carcinoma of the cervical stump 
For this she w'as treated with radium and high voltage roentgenotherapy After this 
she had proctitis for a short time Six months later, she began to have lower abdominal 
cramps, and, one month after this, came in w’lth acute ileus Plain films disclosed dis- 
tention of the small intestine wnth fluid levels in various dilated loops 

Opciatton (W C W ) — It was discovered that the ileum w'as adherent to the 
peritoneum over the cervical stump When brought into the w'ound, the ileum was 
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found to have a marked cicatricial contracture with induration, about a foot from the 
ileocecal valve The ileum was resected, and a lateral anastomosis established The 
specimen of the resected ileum showed an ulcer of the mucous membrane, ivi 5 cm , with 
complete contracture and obstruction at this point Microscopic study revealed no evi- 
dence of malignancy but well-defined ii radiation necrosis of the ileum (The patient 
died three dajs later, after she had developed mesenteric thrombosis that extended 
200 cm up the ileum from the site of the anastomosis ) 

This case ilinstiates the giave iisk involved in ti eating, with radium, a 
ceiYicai stump without knowledge of the piesence or absence of intestinal 
adhesions to the peiitoneal side of the stump It is suggested that one 
method of study that might he emploi^ed to see if the intestine is fiee, would 
be to have an intestinal baiium senes with a ladiopaque substance in the 
vagina, m oidei to demonstrate the relationship In certain cases, an ex- 
ploiatoiy celiotomy, to guard against this liazard might be justified 

We now' come to aiiothei gioup m wdnch theie is moie leason to believe 
that high voltage loentgenotheiapy may pla)' a pait in the damage that has 
been initiated by the ladium We lefei to iriadiation bum of the sigmoid, 
of wdnch the authoi has had thiee instances In oui cases, the symptoms have 
come on six to eight months after tieatment T E Jones'^ has leported one 
such case as late as eight yeais after theiapy The histoiy of these patients 
w'as similai, in that they all had diaiihea, cramps, bloody stools, and lowei 
abdominal tendeiness All had evidence of incomplete ileus at fiist, and one 
went on to complete obstiuction A shoit leview' of each case wnll give best 
the patholog)' and pioblems to be met 

Case 3 — ^\¥oman’s Hospital No 65373 Carcinoma of cervix J L, age 35, 
female, was admitted, October 17, 1937, foi ladnim only For a short time after this 
treatment she had moderate proctitis She was leadmitted, July 15, 1938, with a com- 
plaint of lower abdominal cramps, bloodv stools, nausea and lomitmg Barium enema 
showed a smooth narrowing, about one inch m length, of the proximal sigmoid 

Opeiatwn (W C W) — A large mass was found m the upper portion of the sig- 
moid colon It felt like a rubber tube The serosa had pearly-white patches with dotted 
areas of telangiectasis Ten centimeters of bowel was resected by the Gibson-Balfour 
technic 

Pathologic Examination — Gioss The opened specimen revealed an ulceration of 
the mucous membrane, 2 5 cm in diameter The wall of the bowel in the region of the 
ulcer was transformed into scar tissue extending slightly bej^ond the neciosis of the 
mucous membrane In April, 1940, the patient was in excellent health 

Case 4 — ^I¥oman’s Hospital No 68865 Carcinoma ot the cervix H W, age 51, 
female, was admitted, March 6, 1939 Treated with radium and high voltage roentgeno- 
therap} She was readmitted, September 23, 1939, with a diagnosis of intestinal obstruc- 
tion Three \\eeks before admission she began to have lower abdominal cramps, diarrhea, 
and bloody stools For this she had been taking barium bj mouth This had apparently 
not been passed, but had accumulated, dried, and initiated a complete obstruction A 
cecostomj was performed by Dr A J Murphj Later, a sigmoidoscopy revealed, 13 cm 
from the anus, a moderate constriction of the rectum with edema of the mucous mem- 
brane Through this constricted ring one could see ulcers m the rectum above 

E\p{oin 1 o}y CchoSomy (^Y C W )— October 16, 1939 The uterus was fixed by a 
low-grade inflammatory reaction Attached to its posterior surface, as well as to both 
broad ligaments, was the sigmoid colon On separating the sigmoid from the posterior 
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uterus, a necrotic area was entered which contained free pus The colon had the typical 
appearance of irradiation burn with patches of pearly-white serosa, and telangiectases 
The sigmoid had the feel of a rubber tube As the process involved the rectum also, it 
was decided to establish a colostomy in the healthy upper sigmoid The patient did fairly 
well after the operation, but died of a secondary hemorrhage of the lower bowl, 34 days 
postoperative 

Case 5 — Woman’s Hospital No 66805 Cancer of cervix, Grade II MAG, 
age 37, female Treatment was instituted. May ii, 1938, when radium and high voltage 
roentgenotherapy were administered She was readmitted, October 16, 1938, complaining 
of diarrhea of several weeks’ duration and lower abdominal cramps Barium enema 
showed a smooth narrowing of the distal sigmoid, involving about two inches of the bowel, 
with a maximum caliber m this area of about one-half inch Above and below this narrow- 
ing the bowel showed normal contour 

Opeiation (W C W) — October 17, 1938 The sigmoid was found free m the 
abdominal cavity It was greatly thickened and slightly kinked at one point For a length 
of four inches, the serosa had a pearly-white color with telangiectatic spots scattered 
throughout The thickened area was six inches in length There was marked edema of 
the mesentery There was no obvious point of necrosis in the w'all A resection of the 
involved area was performed, and the Gibson-Balfour anastomosis established 

Pathologic E\ammafwn — Gioss The opened specimen revealed an ulceration of the 
mucosa with tissue destruction w'hich seemed to penetrate be3'ond the muscular layer in 
areas The musculans tvas thickened to i 2 cm The serosa also was thickened Micro- 
^coptc Necrosis and acute inflammatory reaction were demonstrated about the ulcer 
The capillaries shoived distention and congestion 

The patient, in April, 1940, was in excellent general condition, with the exception of 
a minute fecal fistula of the abdomen which apparentlj refused to heal This may be due 
to some irnadiated bow'el that has deficient reparative pow’er 

From a considei atioii of these cases and fuithei thought on the nature 
of the patholog}'' of this disease, the author is inclined to believe that the 
piocedure to be employed must vary accoiding to conditions encountered 
This IS influenced by the extent of the neciotizing piocess, with the possibility 
of peiforation of the intestinal Avail and consequent peritonitis In one of 
the above cases, peifoiation had occuired, and in such a problem the author 
believes that a colostomy of eithei the tiansveise colon or the upper sigmoid 
colon is indicated, togethei Avith drainage of the abscess caAnt}"- If the pa- 
tient survives the operation, thei e is excellent pi ospect that the mucous mem- 
brane AAull gradually heal, since it is freed fiom the infective fecal current 
Undoubtedly, theie will be some contiacture of the lumen of the boAvel If 
this IS sufficient to cause obstructive symptoms, resection of that part of the 
bowel may be necessary The calibei of the lumen and the condition of the 
mucous membrane can be detei mined by sigmoidoscopic examination through 
the colostomy Avound if it is in the uppei sigmoid Barium study for evidence 
of obstruction and the size of the lumen ma)'^ be attempted 

When the irradiation burn involves the rectosigmoid, the operation of 
choice is a Mikulicz colostomy AAUth a Avell-formed spur The process may 
subside sufficiently to permit later closure of the colostomy 

If the irradiation burn is localized in the free portion of the sigmoid that 
IS Avell cOA’-ered AAith peritoneum, a resection, AAoth end-to-end anastomosis, is 
the operation of choice Because of irradiation occlusion of blood A'^essels it 
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IS very impoitant to go sufificientl}^ wide of the lesion to assure good blood 
supply 

In addition to the ileum that was attached to the ceivical stump when it 
received the radium burn, we have had two cases at the Roosevelt Hospital 
in which there was irradiation burn of ileum that must have been some dis- 
tance from the cervix T E Jones'^ has reported two such cases 

Case 6— Roosevelt Hospital No 383053 Epidermoid carcinoma of cervix, Grade 
II T S , age 35, female, was admitted, July 26, 1938, and treated with radium and high 
voltage roentgenotherapy On January 30, 1939, the patient returned with a history of 
intermittent attacks of lower abdominal colic followed by nausea and vormtmg of 48 
hours’ duration Gastro-intestmal series revealed “a narrow area of the ileum, eight 
inches from the cecum, with partial obstruction both to the regurgitated enema and to the 
barium meal The appearance suggested organic bowel lesion from irradiation ” 

Opeiatwu (Dr W E Alsop — W C W present) — Fourteen inches from the ileo- 
cecal valve, a signet-ring contracture of the ileum, about three-quarters of an inch wide, 
was found The bowel at this point was ischemic, and the wall of the intestine thickened 
Some three inches distal to this, there was a pale disk-shaped area, three-quarters of an 
inch wide There were at least four such ischemic areas in the mesentery of the ileum , 
also, some areas were seen on the sigmoid The distal 24 inches of the ileum was some- 
what thickened and edematous Seven inches of ileum was resected, and a lateral 
anastomosis established In April, 1940, the patient was in good health 

Case 7 — Roosevelt Hospital No 384363 B W , age 53, female, was admitted, 
October 29, 1938 The patient had been treated for carcinoma of the cervix with radium 
and roentgenotherapy, nine months before, in California Her complaints were nausea, 
vomiting, and abdominal pain Gastro-mtestinal series disclosed an ulcer of the duodenum 
and a narrowed terminal ileum proximal to the ileocecal valve She was allowed to go 
home, and was readmitted m December, 1938, with the history that she had had con- 
stant epigastric pain, not related to food For one week before admission, she had 
lomited frequently Another gastro-intestmal study revealed an obstructive process of 
tbe small intestine, which was difficult to localize 

Opciafion (Dr F H Amendola) — The head of the cecum and the terminal ileum 
were firmlj' adherent to the right pelvic brim In dissecting this mass away, so that it 
could be delivered into tlie wound, a small abscess w'as encountered, which communicated 
directlj with a large defect in the ileocecal ring, one inch in diameter The ileocecal 
ring was almost stenosed as a result ot fibrous contracture The terminal ileum and 
proximal third of colon w^ere resected, and a lateral anastomosis established Pathologic 
examination show'ed chronic inflammation of ileum w'lth ulceration of the mucous mem- 
brane The patient died, 16 days later, of peritonitis 

CONCLUSIONS 

Irradiation burn of the intestine is a definite complication of irradiation 
treatment of carcinoma of the cervix The damage to the intestine appears 
to be related to the amount and method of dosage as well as to the suscepti- 
bilit}^ of the patient 

The gross and micioscopic pathology has been described in the course 
of the article From the clinical viewpoint, it is to be noted that oui cases 
have shown destructive action of all the coats of the intestine, although the 
mucous membrane, it is true, appears to be the most sensitive When ulcera- 
tion occurs 111 the rectal mucous membrane, it may eventually erode through 
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the entile wall to cause perianal abscess oi lectovaginal fistula, oi peiitonitis 
when the intestine is within the abdominal cavity If no peifoiation occurs, 
the ulcei may gradually heal up and leave an intact mucous membrane 
Usually, the thickening due to fibiosis m the musculaiis persists so as to 
1 educe the cahbei of the bowel This piocess may go on to complete ohstiuc- 
tion It IS interesting to note that m all oui obstiuctive cases ulcers of the 
mucous membiane weie present 

In mild injuiy to the lectum and sigmoid, palliative tieatment is indicated, 
in the moie seveie cases, colostomy should be employed, m oidei to permit 
diveision of the fecal cuiient so that the infected ulcei s may have moie 
chance to heal Latei, if this tieatment is successful, the colostomy may be 
closed 

In localized injuiy to the sigmoid oi ileum, lesection is the method of 
choice 

It IS the author’s opinion that the injiiiy to the sigmoid and ileum is moie 
common than the recoids would indicate The aiithoi stiongly suspects that, 
occasionally, the oppoitunity to help a patient has been missed because the 
symptoms have been mteipieted as those of a hopeless intia-abdominal lecui- 
rence Gynecologists and geneial surgeons should be aleit to this possibility, 
foi success in tieatment depends on eaily diagnosis and timely intei vention, 
with pioceduies such as colostomy oi lesection 

Appieciations and thanks are expressed to Dr W E Alsop and Dr F H Amendola 
for permission to leport then cases at the Roosevelt Hospital , also to Dr A H Aldiidge, 
Directoi of the Woman’s Hospital, for his kindness and coopeiation m the caie of their 
cases 
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EXPERIENCES IN CLEFT PALATE SURGERY ^ 

Robeet H Ivy, M D 

PiriLADELPiriA, Pa 

In 1934, we*^ published a paper on this subject, leferring especially to the 
technical methods of Veau® and Doi ranee ^ Since that time, m oiu opinion, 
further advances have been made in these pioceduies, which have led to 
some modification of oui opeiative methods The principal woik which has 
had this modifying influence is that of Axhausen,^’ who lecogmzes the validity 
of the objections to the classic Langenbeck opeiation that have been advanced 
paiticulaily by Veau According to Veau the essentials foi satisfactoiy le- 
sults 111 cleft palate opeiations are (i) An epithelial coveiing on the nasal 
side, as well as on the palatal side of the flaps, (2) obhteiation of the dead 
space above the palatal flaps, and (3) sutuie of the sepaiated palatal muscles 
Axhaiisen has so modified the Langenbeck technic as to satisfy these le- 
quiiements to a considerable degiee The technic of the opeiation, in the 
early stages, does not diffei mateiially fiom that of the tj^pical Langenbeck 
operation A lateial incision is made on each side of the haid palate close to 
the teeth, fiom the tubeiosity foiwaid, and the mucopeiiosteuni is sepaiated 
fiom the bone almost to the maigin of the cleft The hamulai piocess is 
exposed m the lateral incision and sepaiated with a chisel to allow the tendon 
of the tensoi palati to be earned towaid the median line, thus relaxing the 
soft palate At this point, Axhausen isolates, ties and seveis the palatine 
aiteiy neai its emergence fiom the foramen The succeeding steps diveige 
mateiially fiom the classic opeiation At the cleft maigm the nasal mucosa 
IS carefully sepaiated from the bone to foim a fiee flap of this tissue on each 
side At the posteiioi edge of the haid palate, instead of cutting the nasal 
mucosa light thiough together with the aponeuiosis, the continuity of this 
mucosa ovei to the soft palate is pieseived, but the bony edge is caiefully 
fieed of soft tissue submucously The fiee edges of the soft palate aie not 
pared but aie split to form bioad law sui faces (Fig i) It then becomes 
possible to suture the nasal mucosa aci oss the cleft in a continuous layer fi om 
the tip of the uvula to the anteiior maigm of the cleft (Fig 2) The muscles 
of the soft palate aie then united m the median line with seveial catgut sutuies 
(Fig 3) Finally, the 01 al mucosa fiom back to fiont is sutured as a separate 
layei (Fig 4) Packing is placed m the posterioi part of each lateral in- 
cision, and Axhausen then coveis the field of opeiation with a pieviously 
piepaied celluloid plate fitting ovei the teeth, to hold the flaps up against the 
lione We do not considei this support at all necessary, since the desired 
pin pose IS accomplished by the soft tissue sutuies Figuies 5 and 6 illustrate, 
diagrammatically, the difterence in result of the classic Langenbeck operation 

Presented b} title before the American Surgical Association, St Louis, IMo , Mav 
I, 2, 3, 1940 
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Tig I — Bony edgejs of hard pahte cleft 
freed of mucoperiosteuni on nnsal and oral 
sides Posterior border of hard palate also 
freed of soft tissues submucouslj Edges of 
soft palate split (After Axhaiisen ) 



Tig 3 — Sutures placed in muscular Ia>er of 
soft palate (After Axhausen ) 




Fig 2 — Sutures being placed m la\er of nasal 
mucosa (Aher Avhausen ) 



Fig 4 — Lajer of oral mucosa sutured (After 
Axhausen ) 



Fig 5 — Diagrammatic cross section showing 
palatal flaps sutured in classic Langenbeck oper 
ation These flaps are not epithelialized abo\e 
and there is a dead space between them and the 
bone (After A\hausen ) 


Fig 6 — Diagrammatic cross section showing 
flaps after suture in separate layers by Ax 
hausen technic Nasal mucosa is intact abo\e 
and flaps are in close contact with bone so that 
dead space is minimized (After Axhausen ) 
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and that of Axhausen In the formei, the nasal surfaces of the flaps are not 
epithehahzed and there is a dead space between the bone and the upper sur- 
faces of the flaps In the latter, epithelium covers both oral and nasal sui- 
faces of the flaps and the dead space is obhteiated This results in better 
healing with less scar tissue and less reti action and shoitening of the soft 
palate 

During the past three years, we have employed this technic m the closure 
of all posterior clefts of the palate, with the exception of those falling m the 
class of velopharyngeal msufflciency In clefts originally extending com- 
pletely through the anterioi pait of the haid palate and alveolar process to 
the hp, either unilateial or bilateral, we still continue to deal with this anterior 
portion by the Veau tui novel flap of mucosa fiom the vomer, later using the 
Axhausen technic foi the posterioi closure 

In classifying cases of cleft palate from the standpoint of operating, we 
find It convenient to divide them into thiee groups (i) Unilateral cleft of 
hard and soft palate, usually associated with unilateral cleft lip, (2) bilateral 
cleft of hard and soft palate, usually associated with bilateial cleft hp, (3) 
median cleft of soft palate usually extending a vaiymg distance into the hard 
palate These are the types most commonly found, but combinations and 
modifications occur occasionally 

We shall now consider these dififeient types and take up the procedures 
which we have found to be most satisfactory m the treatment of each type 

(i) Complete Umlateial Cleft of Hard and Soft Palate, Associated %mth 
Unilateral Cleft Lip — Here, the cleft begins at the uvula, in the median line, 
extends forward through the soft palate, then passes on one side of the 
septum of the nose, the mucosa covering the vomer being continuous with 
the hard palate mucosa on the side opposite to the cleft When the cleft 
reaches the alveolar process m front, it passes to one side of the premaxilla, 
and involves the hp on that side, the cleft in the hp usually passing com- 
pletely through the floor of the nostril The cleft may vary very greatly 
in width, and theie is also a varying amount of distortion of the premax- 
illa, the side of this bone next to the cleft usually projecting forward 
This distortion of the premaxilla has led suigeons to perform surgical re- 
duction by cutting the bone through its attached side and fastening it back 
across the alveolar cleft with a wire suture This 111 our opinion is entirely 
unnecessary, and is fiequently harmful, causing undue flattening of the bone 
and upper hp and injury to tooth germs This bone will usuall}'^ assume 
correct position m time by pressuie of the closed hp if the hp cleft be closed 
at an early age 

In this type of case, we advocate the following procedures At from six 
wrecks to three months of age, we combine the first-stage Veau operation on 
the hard palate and alveolar cleft with closuie of cleft m the hp The Veau 
proceduie should be pei formed before the lip is closed, since this will nearly 
always insure complete closure of the cleft m the alveolar process all the way 
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to the fiont undei the hp If the hp is closed first, it is quite difficult to 
obtain this complete closuie in fiont beneath the hp The Veau technic has 
been frequently descnbed,® but a bnef lesume may not be out of place Use 
IS made of a flap of mucopenosleum fiom the vomei, this flap being turned 
ovei so that its epithelial suiface faces upwaid to foim the lining of the floor 
of the nose on the side of the cleft, from neai the posteiioi end of the hard 
palate to the cleft of the hp aiiteiioily (Fig 7) On the short side of the 
cleft, a palatal mucopeii osteal flap is completely detached at its anterior end, 
laised fiom the bone fiom befoie back waul, and swung acioss the cleft, with 



Fig 7 — riap o{ mucopenosteuni from \omei 
being raised Mucopcnosteal flap from oiilei side 
of hard palate outlined (Aftei Veau ) 



its law suiface applied to the law suiface of the vomei flap (Fig 8) These 
two flaps are held togethei with one or two thi ough-and-thi ough silk sutures 
The nasal mucosa on the shoit side of the cleft is loosened fiom the bone foi 
a distance and turned ovei, so that it can be sutured to the anteiioi end of 
the vomei flap, thus closing the cleft undei the hp (Fig 9) The opeiation 
IS now completed by closuie of the lip cleft bji^ the Blau -Mii atilt- technic 
This raising and shifting of flaps cieates consideiable raw suiface in the hard 
palate, but this rapidly heals over, leaving onl}?^ a cleft m the soft palate and 
posterior pait of the hard palate, to be closed not before two and one-half to 
three years of age by the Axhausen method, already described 

(2) Complete Bilateial Cleft of Haid and Soft Palate, Associated with 
Bilateial Cleft Lip — Here, the cleft extends in the midlme thiough the uvula 
soft palate and hard palate, with the lowei border of the septum of the nose 
lying free in the cleft, so that theie is a communication with both sides of the 
nose On each side of the piemaxilla the cleft extends through the alveolar 
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process and lip The anterior end of the vomer bearing the premaxilla is 
frequently elongated, cariymg the premaxilla and philtrum of the hp abnor- 
mally far 111 advance of the lateial portions of the maxilla and hp Heie also, 
there is a temptation to cut the advanced piemaxilla loose from the vomei and 
cany it back between the lateral walls of the cleft and facilitate closure of the 
hp This proceduie frequently results in undue flatness of the upper hp, 
atrophy of the piemaxilla, peimanent nonunion, and backwaid position of 
the upper anterioi teeth when they eiupt It is much better not to disturb 
the protiuded premaxilla at this time, hut to close the lip cleft over it, and 



Fig 9 — -Xasal mucosa freed antenorlj and Fig io— Closure of anterior part of bilateral 

sutured to front of romer flap to close cleft under cleft on one side b> vomeropalatal flap technic 
lip (After ^ eau ) con\erting bilateral into unilateral cleft The 

other side is closed a feii iveeks later (After 
Veau ) 


if this does not suffice to gi adually bring it into coi rect position, a later opera- 
tion can be done for this purpose In these bilateral cases the same principle 
is followed as foi the unilateral cases, except that one side is operated on at 
a time, the bilateral cleft being fiist converted into a unilateral one The 
vomer mucosa is split longitudinally and a flap turned over on one side, to be 
sutured beneath a raucoperiosteal flap raised on one side of the hard palate 
The corresponding side of the hp is closed at the same sitting (Fig lo) A 
few weeks latei the opposite side of the cleft is closed in a similar manner 
The case is completed by closure of the posterior pait of the cleft by the 
Axhausen technic at two and one-half to three years of age 

( 3 ) Median Cleft of Soft Palate Usually Extending a Varying Distance 
into the Haid Palate — Cases of this group may vary from a split m the uvula 
and soft palate alone, to involvement of the hard palate right up to the pre- 
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maxilla These clefts are always m the midlme and the lowei edge of the 
vomer may he fiee They vary very greatl}'^ not only m length but also in 
width, and may present gieat difficulty m successful closure Velopharyngeal 
insufficiency is more common m this type of cleft than m the other types 
Many operators advocate closure of these clefts at an early age, varying from 
SIX to 1 8 months, on the plea that speech will be better if the cleft is closed 
before the child begins to talk We do not believe that the chances for good 
speech results aie mateiially impaued by waiting until two and one-half to 
four years of age before closure of tbe posteiior cleft At the later age the 
mortality will be lowei and the chances of good anatomic closure much better 
During the past three 3'ears we have employed the Axhausen technic, already 
desciibed, foi closure of this type of cleft 

A summary of the age at time of opeiation and the procedure employed 
IS shown below 

APPKOXIMATE AGE AND PROCEDURE RECOMMENDED FOR TREATMENT OF 
VARIOUS FORMS OP CLEFT LIP AND PALATE 

(1) Complete Unilateral Cleft of Haid and Soft Palate 

(a) Six weeks to thiee months — Veau turnover flap from vomer to close 
anteiior part of haid palate, followed at same sitting b)"^ closure of lip cleft 
by Blair-Miiault pioceduie 

(b) Two and one-half to three 3'^eais — Axhausen operation for remain- 
ing cleft 111 hard and soft palate 

(2) Complete Bilateral Cleft of Hard and Soft Palate 

(a) Six weeks to thiee months — \'eau turnover flap from vomer to close 
anterior part of hard palate on one side, followed at same sitting by closure 
of lip on same side by Blaii-Mirault proceduie, converting bilateral into 
unilateral cleft Followed about four weeks later, by same procedure on 
opposite side In most cases the piotiuding premaxilla gradually assumes 
correct position by pressure of closed lip 

(b) Two and one-half to three yeais — Axhausen opeiation for closure 
of remaining cleft m haid and soft palate 

(3) Median Cleft of Soft Palate Usually Extending a Varying Distance 
into the Hard Palate 

Two and one-half to three yeais — Axhausen operation 

(4) Cases of Velopharyngeal Insufficiency 

For cases of cleft palate, where the usual operations would not provide 
sufficient tissue posterioily to permit velopharyngeal closuie, excellent speech 
results may be obtained by the “push-back” operation of Dorrance, usualty 
performed in two stages, not earlier than foui 3^ears of age This operation 
IS also recommended as a secondaiy piocedure wheie other methods have 
given inadequate velophar3mgeaI closuie The modification published by 
Barrett Brown^- ^ permits a one-stage piocedure with safety 

Cases treated during the past three 3'^ears, since we have employed the 
above-described technic, on the author’s service at the Presbytei lan, Giaduate 
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and University Hospitals, in association with Di Lawrence Curtis and Dr 
Henry A Miller, may be grouped as follows 

(Results are recorded as Good, m which no secondary operations were necessary, 
Fair, m which an opening remained, requiring secondary operation for closure. Failure, 
in which the operation was completely unsuccessful ) 


(1) Complete Unilateral Cleft Palate, in which the Veau-Axhausen Sequence Was Followed 

Number of — Result — 

Cases Good Fair 

27 21 6 

(2) Complete Bilateral Cleft Palate, in which the Veau-Axhausen Sequence Was Followed 

Number of — Result — 

Cases Good Fair 

9 8 I 

(3) Median Cleft, in Which the Axhausen Operation Was Performed 

Number of — Result — 

Cases Good Fair 

21 12 9 

(4) Cases of Velopharyngeal Insufficiency, in Which the “Push-Back” Operation Was 
Performed 

(a) Primary Cases 


Number of 


-Result- 


Cases 

Good 

Fair 

Failure 

15 

II 

2 

2 

(b) Secondary Cases 



Number of 

— Result — 


Cases 

Good 

Fair 


5 

4 

I 


Total No 




of Finished 


-Result- 


Cases 

Good 

Fair 

Failure 

77 

56 

19 

2 

(5) Unfinished Cases, 

in Which Only the First- 

Performed 





Number of 



Cases 


Good 

(a) Unilateral 

18 


16 

(b) Bilateral 

8 


7 

Total 

26 


23 


-Result- 

Fair 

I 

I 


Failure 
I (death) 


In addition to these, there wei e 53 cases in which miscellaneous secondary 
operations were undertaken in order to improve results in cases primarily 
operated upon elsewhere 

The results so fai obtained in this senes of cases encouiage us to con- 
tinue M ith the procedures described above, as a routine in typical cases of cleft 
palate 


I am indebted to Dr Henry A Miller for looking up the records of the cases 
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THE USE OF INTRAMUSCULAR INJECTIONS OF 2-METHYL-l, 

4-naphthoquinone in the treatment of 

PROTHROMBIN DEFICIENCIES'-' 


WITH A NOTE ON THE ROLE OF THE LIVER IN THE RESPONSE TO THIS 
AND OTHER SUBSTANCES WITH VITAMIN K ACTIVITY 

William DeWitt Andrus, MD, and Jere W Lord, Jr, MD 

New York, N Y 

FROM Till DBI\RTMt\T OF SURGERY OF THE NEM YORK IIOSPITYL AND CORNEL! UNIVERSITY MEDICAL 

COLLEGE, NEW YORK, N Y 

The demonstration of a deficiency in the piothrombin activity of the 
plasma as the responsible factor in the hemonhagic tendency sometimes oc- 
curring in obstructive jaundice and hemori hagic disease of the newborn, and 
the expel imental and clinical evidence which has accumulated during the past 
few yeais indicating the vital idle played by the accessory food factor known 
as vitamin K in the production of prothrombin, have, logically, stimulated 
the puiification and identification of the vitamin It, appaiently, occurs in at 
least two forms which have been identified by MacCoi quodale, Binkley, 
Thayei and Doisy,^ and by Fieser and his cowoikers - Almquist and Klose^ 
had pieviously shown that phthiocol (2-methyl-3-hydroxy-i, 4-naphtho- 
quinone) possessed vitamin K activity, and a large number of other naphtho- 
quinones have since been investigated Of all those tested, however, it has 
become evident that only the i, 4-naphthoqumones have this pioperty, and 
of these, by far the most potent is synthetic 2-methyl- 1, 4-naphthoquinone 
These substances have now largely supplanted the cruder extracts foimerly 
used, and while theie is some diffeience of opinion as to the potency of 
2-methyl-i, 4-naphthoquinone as compaied to the crystalline vitamin, most 
woikers are in agreement that its effectiveness is at least equal to, or even 
surpasses, that of the vitamin itself This fact, together with the ease with 
which it can be synthesized, makes 2-methyl-i, 4-naphthoqumone the best 
available agent foi the coirection of piothiombm deficiencies 

It has been successfully employed m a number of clinics, and can be 
administeied oiall}'’,'* inti amuscularly*'’ or intravenously Foi intia- 
muscular injection, the crystalline substance is dissolved in corn oil and for 
intravenous use, eithei 2-methyl-i, 4-naphthoqumone i mg m 10 cc of dis- 
tilled watei 01 a more soluble derivative may be employed We believe the 
intramusculai loute to be the simplest and most effective, since there is no 
leaction at the site of injection and the effect is evident within a few hours 

Presented bj Title before the American Surgical Association, St Louis, Mo, Alay i, 
2 3 , 1940 

*This stud\ was carried out under a grant from the John and Alary R Markle 
Foundation 
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Its action IS also, definitely, moie prolonged than when the substance is given 
orally Thus, a single injection of 2 mg has elevated the prothrombin of 
patients by as much as 40 per cent, and in one individual, 11 days elapsed 
befoie it again fell Tage-Hansen® noted similaily prolonged effects when 
large doses of purified vitamin K were injected intiamuscularly Furthei 
points in favoi of the pai enteral route are certainty of absorption and the 
lack of need for the coincident administration of bile salts which are not 
always well tolerated 

Since October 1, 1939, we have administered 2-methyl-i, 4-naphtho- 
quinone, intramuscularly, to 49 patients with initial plasma prothrombin 
levels of from 5 to 80 pei cent of normal by the test of Warner, Bnnkhous 
and Smith ° Doses of 2 mg were employed routinely — except m infants 
who received from o 35 to i mg — and with uniformly good results in the 
absence of seveie liver damage In many instances, a single injection of 2 
mg sufficed to lestore the plasma prothrombin to a satisfactory level, and, 
m most, the highei level was maintained foi from several days to a week 
or even longer, but m some the injection was repeated at two- 01 three-day 
intervals Daity injections of the same, or even twice the amount for two 
to foui days, were employed m those cases m which the presence of severe 
liver damage made the 1 espouse less likely to be satisfactory The types of 
cases in which this theiapy was employed and the 1 espouse m peicentage of the 
normal level obtained to a single injection of 2-methyl- 1, 4-naphthoquinone 
aie shown m Table I 


Tablf I 

No 

Response in 


of 

Percentage 

Diagnosis 

Cases 

of Normal 

Obstructive jaundice due to stone 

12 

4-48 

Obstructive jaundice due to stricture 

1 

II 

Carcinoma of head of pancreas 

4 

10-40 

Catarrhal jaundice 

2 

1-6 

Cirrhosis of the liver 

5 

Continued to fall 

Liver abscesses with empyema 

I 

12 

Liver abscesses — C/ welclni 

I 

0 

Cholelithiasis 

I 

33 

Hemorrhagic disease of newborn 

10 

5-30 

Carcinoma of stomach 

3 

10-20 

Peptic ulcer 

I 

28 

Faulty gastro-intestinal absorption 

2 

28-29 

Repeated gastro-intestinal hemorrhage — unknown ongm 

I 

18 

Idiopathic purpura 

r 

38 

Thrombasthenia 

I 

28 

Empyema, sepsis 

I 

35 

Nephrosis with septicemia 

I 

47 

Endocrine imbalance 

I 

12 


Total 
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In View of the mass of accumulated clinical evidence that Inei damage 
mtei feres with the i espouse to substances nith vitamin K actnit}, it is im- 
portant to considei the noimal role of the liver m the metabolism of vitamin 
K and the production of piothiombin The available evidence indicates that 
this oigan, aside fiom the production of bile salts which aie necessai}’- in 
the absorption of the vitamin from the intestinal tiact, is a stoiehoiise of the 
vitamin itself Thus, aftei its absorption, the vitamin is stoied in the Iner, 
probably in a somewhat alteied foim,^<’ and this reseive is giadtially depleted 
when, foi any reason, continuous absorption fioni the intestinal tiact is in- 
terfered with Concomitant with the disappearance of the vitamin from the 
livei, the level of the plasma prothrombin falls^® and the hemorihagic ten- 
dency becomes evident when it leaches a ceitam ciitical level Thus, an 
animal oi patient may develop a prothrombin deficiency nithout livei damage 
after a time, when the vitamin is no longei absoibed fioin the intestinal tract 
due to absence of bile, as m obstiuctive jaundice oi biliary fistula, oi in certain 
cases of severe enterocolitis When the vitamin is supplied, howevei, piompt 
lestoiation of the plasma piothrombm follows in these cases 

Experimental evidence also indicates that the piothrombm normally dis- 
appears fiom the plasma at a fanly rapid late, so that any interference with 
Its production will be soon followed by a diop in the plasma piothrombm 
level The site of its disappearance appears to be in the lungs, as it has been 
shown^^ that there is an appreciable diffeience m the level of the plasma 
piothrombm m blood fiom the right and left sides of the heart 

The effect of liver damage on the plasma piothrombm level has been 
demonstrated expei imentally by a number of workers Thus, Smith, Warnei 
and Brinkhous^- noted a fall in the plasma prothiombin level to less than 
5 pei cent of normal after 90 minutes of chloiofoim anesthesia Loid^^ 
found that gentle massage of the livei was followed by a depression of the 
piothiombin level amounting to 25 per cent, a possible contributing factor m 
hemorihage in jaundiced patients aftei operation Wainer^'^ showed that re- 
moval of 65 per cent of the livei m rats also caused a fall which was le- 
covered from in about two and one-half weeks Warren and Rhoads,^^ and 
Andrus, Lord and Moore, independently, found that complete hepatectomy 
m dogs caused the plasma prothiombin to fall to below 10 per cent of normal 
within 14 hours, and the lattei authors demonstrated that the administration 
of 10,000 units of vitamin K and bile salts into the intestinal tiact failed to 
prevent this diop We have since repeated this work, using as much as 80,000 
units of 2-methyl-r, 4-naphthoquinone intramuscularly and intravenously, 
without affecting the curve of fall of the plasma prothrombin after hepa- 
tectomy 

The failure of patients with varying degrees of liver damage to respond 
adequately, 01 at all, to the administration of substances with vitamin K 
activit) , has been widely noted by clinicians Thus, Quick, Butt, Snell and 
Osteiberg,is and others^®- 20 21 reported cases in which poor 1 espouse was 
obtained and attributed this to liver damage In December, 1938, ue obseived 
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a case which stnkingly demonsti ated the effect of liver damage on the utiliza- 
tion of vitamin K The patient, female, age 50, was admitted with jaundice 
due to stone in the common duct and acute cholecystitis The plasma pro- 
thiombin was only 25 per cent on admission, but rose veiy satisfactorily to 
noimal during the next foui days on the administration of Cerophyl and bile 
salts Despite the continued administration of the vitamin, however, the 
patient’s piothiombin then fell precipitousl)"- and lemained below 30 per cent 
theieaftei At postmoitem, the hvei showed the following 

Case I — E B New York Hosp No 221902 Massive liver necrosis, secondary to 
thrombosis of the hepatic artery and the portal vein 

Pathologic Examwatioii — Gtoss The liver together with the duodenum and pancreas 
weighs 2,350 Gni The surface is nodular and mottled red, bluish-purple and yellow 
On section, the peripheral 6 cm is dark, cvstic, mottled green, yellow and dark red 
It is crepitant There are numerous similar areas scattered throughout tlie inner por- 
tion, the normal architecture of which is preserved but much bile-stained An approxi- 
mate two-thirds to three-quarters of the parenchi ma is necrotic The bile ducts con- 
tain in many cases a brown, firm material Numerous intrahepatic branches of the 
portal vein contain firm, brown material There is a large organizing thrombus, ap- 
proximately 5 cm m length, in the portal vein before it branches There is a 2 cm firm, 
friable thrombus attached to the vail of the hepatic arterj 4 cm below its branching 

Mic) oscopic The cords are broken and fragmented The cells are swollen and 
granular This is especially conspicuous in the central portions of the lobule where 
throughout the section the sinusoids arc large and filled with pink, granular material, 
erythrocjtes and a few polymorphonuclear leukocjtes The liver cells in these areas are 
ill-defined, and contain much brown pigment The biliary canaheuh are engorged with 
brown material This is more adianced in some areas than others The periportal tissue 
IS slightly increased and infiltrated with ivmphocjtes Many of the bile ducts m these 
spaces are distended with brown mateiial Clumps of granular, blue substance are 
scattered throughout the section, indiscriminatelj There are a few hemorrhages 
Throughout all the sections are large areas where the normal architecture is lost, the 
liver cords fragmented and the necrotic cells separated by large and small spaces, some 
of which contain pink, granular material In one section is a vessel in which there is 
an organized thrombus 

In the earlier cases, the possibility that the vitamin might have been poorly 
absorbed threw some doubt on the implication of the liver in the poor re- 
sponse although m this case the piimaiy response was excellent, but since 
the highly potent 2-methyl- 1, 4-naphthoquinone has been available, and similai 
failures have followed its parenteial administiation, the connection between 
liver damage and inadequate restoration of piothiombin levels after the ad- 
ministration of the vitamin would seem to be established 

Since our expei lence with the case mentioned above, we have encountered 
nine additional patients with lowered plasma prothrombin levels who failed 
to respond to even relatively large doses of substances with vitamin K activity 
Eight were treated with intiamuscular injections of 2-methyl-i, 4-naphtho- 
quinone and one received Klotogen and bile salts by mouth Thiee of these 
patients have clinical evidence of livei damage as indicated by liver function 
tests, and 111 the remaining six, it has been possible to study the liver either 
at opeiation (two cases) 01 at postmoitem All show^ed pathologic changes 
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of seveie giade, but the types of lesions encounteied weie so diveise as to 
shed little light on the exact condition lesponsible for the deci eased piothiom- 
bin production The pathologic descriptions of the hvei in these cases weie 
as follows 

Case 2— A G New York Hosp No 241700 Penpoital cirrhosis, cholangitis 
Pathologic Eiaininatiou — Gioss The liver weighs 2,070 Gm The surface is 
roughened by nodules measuring up to 2 Mm across The oigan is dark green-brown 
On section, the normal lobulai architecture is replaced by a nodular architecture These 
nodules are for the most part small and measure up to 3 Mm acioss and are separated 
from one another by dense gray-white fibrillar tissue These nodules vary m color from 
green to dark brown The intrahepatic portal spaces visible show no changes The 
organ is increased in consistency 

Miaoscopic The capsule is slightly thickened and infiltrated with lymphocytes 
The normal lobular architecture of the liver is distorted by fragmentation of the liver 
cords, by eccentricity of the cential veins, and by conspicuous increase in the periportal 
connective tissue The cytoplasm of the individual liver cells is granular, acidophilic, 
and contains brown pigment granules The cords are fragmented and widely separated 
by sinusoids distended with blood and by fibrous tissue The sinusoidal epithelium is 
separated from the cords of liver cells by small amounts of pink, graiiulai material In 
a small number of places through the section the bile canaheuh are distended by in- 
spissated bile The periportal spaces and lobules are infiltrated bv laige numbers of 
lymphocytes and polymorphonuclear leukocytes Proliferating bile ducts in these areas 
are numerous Many bile ducts have polymorphonuclear leukocytes in the lumen and in 
the epithelium 

Case 3 — J P D New York Hosp No 256206 Cirihosis with central necrosis 
Pathologic Examination — Gtoss The liver is slightly enlarged, weighing 2,200 Gm 
It IS yellow-gray in color, and moderately firm The capsule appears thickened and the 
surface is finely nodular On section, the substance appears to be made up of many 
small nodules of hepatic tissue up to 3 Mm in diameter, embedded in a moderately dense 
fibrous stroma No definite areas of necrosis aie seen 

Mici oscopic Thick bands of connective tissue, moderately infiltrated with lound 
cells, separate the liver substance into 11 regular lobules of various sizes In many of the 
fibrous regions are seen numerous small bile ducts The hepatic cells, generally, show 
no changes at the periphery of lobules, but in the central portions are wide areas of 
recent necrosis, probably involving one-fourth of the hepatic cells in the section In the 
more normal hepatic cells the canaheuh contain bile pigment 

Case 4 — T H New York Hosp No 256106 Pylephlebitis with multiple hvei 
abscesses 

Pathologic Examination — Gioss The liver weighs approximately 3,000 Gm , it is 
pale, soft and friable There is fibrmopuiulent exudate over many parts of the liver and 
It IS most conspicuous in the inferior lateral part Above, the liver is adheient to the 
diaphragm The cut-surface of the right lobe of the liver is studded with manj' abscesses 
that vary from a few millimeteis up to 7 cm across A few of them are lined with a 
pjogenic membrane and are filled with a thick, creamy, odorless pus Others are not 
so well circumsciibed and contain bile The largest abscesses are in the interior-posterior 
part of the liver There are a few smaller abscesses in the left lobe The portal vein is 
filled \\ ith an infected thrombus that extends along the splenic and superior mesenteric 
\eins for a considerable distance The gallbladder is of normal size, is edematous and 
the mucosa is injected The bile contains a considerable amount of purulent material 
The ducts are patent 

Mici oscopic The capsule is thick and coiered in one area vitli a necrotic fibrinous 
exudate There are seieral circumscribed abscesses throughout the section some of vhich 
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are composed predominately of monocytes and necrotic liver tissue These abscesses have 
undergone complete necrosis There are bile thrombi in several of the bile ducts 

Case 5 — G G New York Hosp No 258992 Multiple liver abscesses with wide- 
spread gas bacillus infection 

Pathologic Examination — Gioss The liver weighs approximately 250 Gm It is 
intimately adherent to the stomach and the granulating wound of the anterior abdominal 
wall A sinus tract in the center of the large granulating wound of the anterior abdominal 
wall can be probed to a depth of 9 or 10 cm and is in communication with the interior 
of the liver The external surface of the liver is brown in color and is mottled by lighter 
brown areas in the usual way There is an incision 3 cm in length on the anterior sur- 
face of the liver This extends i cm into the liver substance A number of fine fibrinous 
adhesions roughen the external capsular surface The liver is fluctuant and, on section 
of the right lobe, a large amount (approximately 200 cc ) of very foul, green, purulent 
material escapes Cuts made in other portions of the liver rev'eal similar changes 
throughout the entire organ, replacing approximately 60 to 70 per cent of the liver sub- 
stance In the left lobe of the liver is a large area with a honeycomb-like structure 
The borders are composed of light brown tissue, arranged in a circinate manner The 
liver tissue, outside of these areas of frank abscess formation, is apparently well preserved 
and has the usual architectural pattern Cultures of the pus jielded Cl welchn and 
streptococci 

Mictoscopic The first section was taken from an area of abscess formation, and is 
made up largely of polymorphonuclear leukocvtes, necrotic li\er cells and clusters of 
bacteria Between the abscesses there is, however, a surprising amount of good liver 
tissue remaining The portal areas are infiltrated extensively by inflammatory cells 
The chief cells are lymphocytes, but there are a large number of plasma cells and poly- 
morphonuclear leukocytes Careful stud) of cross-sections of the bile ducts fails to re- 
veal any inflammatory exudate rvithin them The sinusoids between the liver cords are 
widely dilated and contain large numbers of polymorphonuclear leukoc)tes as well as 
considerable cellular debris The liver cells contain large quantities of bile pigment 
One small vein contains a thrombus made up of polymorphonuclear leukoc)tes, platelets 
and fibrin 

The second section of liver w'as taken from the periphery of the organ, away from 
the areas of massive abscess formation The capsule is moderately thickened and in- 
filtrated by inflammatory cells These are chiefly lymphocytic in type There is dilata- 
tion of the lymphoid spaces, within and beneath the capsule There is marked increase 
in fibrous tissue m some of the portal areas which are infiltrated by similar inflamma- 
tory cells The sinusoids are dilated and infiltrated by numerous polymorphonuclear 
leukocytes This is most conspicuous in the central portion of the lobules The cells 
within the central portions of the lobules contain large quantities of bile pigment 
Case 6 — C M New York Hosp No 226577 Subacute periportal hepatitis 
Surgical pathologic report on biopsy taken at operation 

Pathologic Examination — Gioss Specimen consists of a small w'edge of dark red 
liver tissue, measuring 6x4x3 Mm It is in no way grossly remarkable except that it 
is very firm 

Mictoscopic There is destruction of the normal architecture of the liver by the 
periportal inflammation Many liver cells have undergone fatty degeneration Surround- 
ing the blood vessels and bile ducts, m the periportal areas, there is evidence of hemor- 
rhage and proliferation of fibrous tissue Bile pigment deposits are present in these 
areas and an infiltration with polymorphonuclear leukoc)tes and monocytic cells 
Case 7 — P L New York Hosp No 255971 Laennec’s cirrhosis 
Description of the operative pathology of the liver “The liver was found to be 
extremely small, perhaps less than half its normal size, discolored and dark brownish 
m color, finely nodular, and everywhere ver> firm, presenting the picture of a verj ad- 
vanced cirrhosis The liver edge lay about 6 cm above the costal margin ” 
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PROTHROMBIN DEFICIENCY 


SUMMARY 

(1) Foity-nme patients with levels of plasma piothrombiii activity be- 
tween 5 and 8o pei cent of nonnal, by the test of Wainei, Biinkbons and 
Smith, have been tieated by means of intramuscular injections of 2-metbyl- 
I, 4-naphthoquinone with veiy satisfactory i espouse in 41 

(2) In thiee of these 49 patients, theie was clinical evidence of liver dam- 
age, as indicated by liver function tests, but its exact natuie is not yet known 
In the five otheis, who failed to lespond to 2-methyl-i, 4-naphthoquinone, and 
111 two additional cases, not included in the above senes, who wei'e tieated 
with Cerophyl 01 Klotogen but whose piothiombm did not use despite con- 
tinued admimstiation of the vitamin, the piesence of maiked livei damage 
was definitely proved — at opeiation in two cases 01 at postmoitem exami- 
nation in five cases 

(3) These seven patients piesented a wide vaiiety of pathologic pictuies, 
including Laennec’s ciiihosis, cholangitis, peripoital hepatitis, multiple hvei 
abscesses complicating pjdephlebitis, gas bacillus infection, ciiihosis with 
cential necrosis, and massive mfaiction of the hvei secondaiy to thiombosis 
of the hepatic arteiy and portal vein 

(4) These lesions weie so diveise in nature and so widespiead in extent 
as to yield little mfoimation legaiding any specific type of livei injuiy le- 
sponsible foi the deci eased piothiombm pioduction 
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FURTHER ANESTHESIA STUDIES WITH PHOTO-ELECTRIC 
OXYHEMOGLOBINOGRAPH^ 

Frank W Hartman, M D and Roy D McClure, M D 

Detroit, Mich 

The data ^^e ^^lsh to piesent aie a continuation of studies on anoxia in 
suigeiy, piesented to the Association last yeai Those studies on expeii- 
mental animals and suigical patients uere made thiough the application of 
VVaibiug’s method foi tissue respnation and Van Slyke’s maiiometric 
method foi oxygen saturation of the aiteiial blood Both of these methods 
are not only slow and laboiious but, at best, can be applied only at mteivals 
Duiing the couise of this eaiher woik the necessity foi continuous observa- 
tions of the oxygen satuiation became apparent, and the woik of Kuit 
Kiamei and Kail Matthes, published m 1934 and 1935, was leviewed 
Both mvestigatoi s measuied the oxygen satuiation of the blood by means of 
light absoiption as determined with photo-electiic cells and galvanometei s 
This work was fundamental, as seen in the following excel pts fiom their 
papeis Kiamer, 1934 “Foi the study of metabolic-physiologic pioblems 
a method was needed which would peimit the easy determination of the 
ox3'-gen content of the blood at shoit mteivals 01 even continuous!}’' m the 
animal body This lequiiement was not met by any of the methods thus fai 
used, including the manoinetnc determination of Van Slyke and the im- 
proved spectral anal} tic determination of Ronton and Haiti idge The 
development of the photo-electnc cell technic, especially Lange’s baiiier layei 
cells, made it possible to utilize the spectial peculiaiities of hemoglobin to 
cairy out ox) hemoglobin deteiminations in vi 1 )o and, peihaps, in vwo quickly 
and accuratel} ” Thiough these investigations Kramei confiimed the validity 
of Beei ’s law foi hemoglobin solutions 

Based on the oiigmal obseivations, the second papei, of 1935, lepoited a 
method for the continuous oxygen analysis of the blood 111 closed vessels 
of an animal wuth accuiacy to i pei cent satuiation In explanation, Kiamei 
stated “It has been demonsti ated that the light absoiption of hemoglobin 
solutions even m high concentrations, is subject to Beei’s law’s It, there- 
fore, could be assumed that the condition of the hemoglobin molecule of the 
normal blood which is found in the eiythrocyte, m 30 pei cent concentiation, 
w’ould not gieatly complicate the law's of light absoiption Theiefoie, the 
light permeability of the hemoglobin, w'hich vaiies w'lth the oxygen content, 
had to be fundamentally siinilai to the photo-electi ic findings in puie 
hemoglobin solutions The principle of the method is based on the spectral 
differences of the hemoglobin and oxyhemoglobin in the red w'ave length 
section ” 

^ Read before the American Surgical Association, St Louis, Mo , May i, 2, 3, 1940 
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Karl Matthes, 1934 “Since the fluctuations of the filling of the pul- 
monary reservoir are changing rapidly, the analysis of blood samples obtained 
by puncture permitted only a ver)'- inadequate picture of the entire process 
We, therefore, searched for a method for continued recording of the oxygen 
content of the blood in arteiies and veins Such a possibility was piesented 
by the well-known differences in the light absorption of oxyhemoglobin and 
reduced hemoglobin After the technical part of these investigations had 
been completed, Kiamer published a method very similar m principle” 
Matthes used mercury vapor lamp after Nicolai Kramer used ordinary 
light with Zeiss-red filtei R G I — “A method has been evolved which per- 
mits the continuous optical registration of the oxygen content and the total 
concentration of the hemoglobin in the blood of a given vessel, instead of 
periodic withdrawal of blood wdiich is subject to many technical disadvantages 
“The principle of the new technic which employs photo-electric methods 
consists in the registration of the absorption of light of two spectral regions 
through the blood ” Undei the title “Investigation of the Oxygen Satura- 
tion of Human Arterial Blood,” Matthes, in 1935, applied the red-sensitive 
photocell used by Kramer to the ear lobe aftei histamine iontophoresis In 
conjunction, m order to evaluate the passive fluctuations of the vascular bed, 
a plethysmogram of the other histamized eai lobe was made These simul- 
taneous recoids allowed the immediate lecognition and the elimination of 
all distortions of the oxygen saturation curve caused by changes of the blood 
content of the ear lobe The oxygen saturation curve w^as calibrated by 
blood deteimmations during oxygen, an and 88 pei cent nitrogen respiration 
During the first, the saturation was found always to be 100 per cent 

From this analysis of the woik of Kiamer and Matthes it seems demon- 
strated that measurement of light absoiption by red-sensitive photo-electric 
cells IS capable of giving accuiate oxygen satin ation values for hemoglobin 
m vitio, in blood vessels 01 m selected skin areas providing othei variables, 
especially the total hemoglobin in the circulation and the volume of the part 
within the cell, are taken into consideration The first of these variables is 
of secondary importance since laige enough changes in the total hemoglobin 
occur only after adrenalin to materially alter the oxygen saturation values 
The second of the variables, that is volume of the part, should be recorded 
m parallel as it was by Matthes Kramer dealt wnth large vessels, filling 
his rigid cells, thus avoiding this factor Matthes histamized the ear lobe 
used and generally obtained plethysmogi aphic records of the other ear lobe 
using a combination volume and photo-electric cell method In 1937 and 
1938, Hertzman, of St Louis University, desciibed the use of a photo- 
electric plethysmograph, for studying the blood supply of various skin areas 
This apparatus resembles that of Kramer and Matthes except that a photo- 
electric cell of the photo-emissive type rather than the red-sensitive or the 
green-sensitive type was used Hertzman mentions the influence of reduced 
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hemoglobin-oxygenated hemoglobin ratio on skin opacity, but his detailed 
observations apparently have not been published 

SUMMARY 

(1) In our work, thus fai, volume changes of the paits mcorpoiated m 
the photo-electric cell have not been lecorded m paiallel, but with the inci eas- 
ing stability and dependability of the machine, volume changes aie to be 
included m these studies 

(2) Volume has been conti oiled to some extent by heating the aiea 
studied through the photo-electric cell and by bunging the light and cell 
outlets snugly against the skin 

(3) As a guide for the surgeon dining anesthesia, low oxygen satuiation 
of the arteiial blood and mci eased volume in the capillary bed are equally 
significant danger signals, hence if light absorption increases sharply due 
to one or the other, or both, collective measures aie indicated 

(4) If the respirations are of usual late and amplitude, oxygen should 
rapidly reduce the high light absorption Lack of response to oxygen sug- 
gests a dilated capillary bed and low blood piessure 

Discussion — Dr Roy D McClure (Detroit, Mich) We aie inclined 
to believe that not enough attention is paid to anoxia during anesthesia In 
lecent years, there have been leported occasional deaths on the operating 
table during anesthesia Autopsies hare been obtained on these patients and 
the typical changes of anoxia have been demonstrated Oui attention has 
also been draun to seveial patients m whom mental and physical derange- 
ments occuiied after anesthesia It is our opinion that these changes have 
been produced b) anoxia 

We have one patient that I should like to lepoit A young lady led hei 
class in her particular section of the fiist 3'-eai’s work She came to Detioit 
one morning and had a tooth extracted under nitious oxide On returning 
to her home that afternoon she noticed that her vision uas bluired, but 
neither she nor her paients associated this change with the pulling of the 
tooth Later she consulted an oculist who tested hei eyes and gave hei 
glasses On her return to school she noticed no further change m herself, 
but rvhen the next term examinations came up she made very bad marks, and 
before the year ivas out she failed m hei woik On the next visit to this 
dentist, a year later, foi another impacted molar on the opposite side, he 
said to her “For heaven’s sake, don’t let anybody ever give you gas again 
because you just can’t take it ” It then came out that during her first anes- 
thesia, ivhich was a gas anesthetic, she had become blue and had to be given 
artificial respiration 

In discussion of this subject ivith different groups of doctors there aie 
always some who have noticed changes in a patient after anesthesia AVe 
feel that the exact nature of these changes, despite then importance, is often 
not recognized and that undoubtedly many moie cases of slight anoxia with 
permanent damage occiii than is commonly suspected I do not know^ how^ 
w^e can detect this condition except, perhaps, by earlier mental tests of patients 
such as this particular giil had in her school, because such changes w'ere not 
even recognized by her family 
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We have been attempting to stud}' this problem of anoxia by making 
ai terial punctui es and estimating the oxygen content of the blood dui mg anes- 
thesia This method is cumbeisome and requiies too much time to be of 
practical value It is obvious that a method of such blood analysis must be 
immediate, and the seaich foi some such piactical method is lesponsible for 
the repoit given heie to-day by Doctor Haitinan This method with the 
electric eye is immediate and stiikmg, and we hope may soon prove to be of 
consideiable piactical importance 
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GEORGE EMERSON BREWER 
1861-1939 

George Brewer’s fii st appearance befoie the American Suigical Associa- 
tion ^^as ^^hen he ^^as asked to take pait in a s3'niposn.im on gallbladder disease, 
in 1899 His papei was on the “Diagnosis of the Diseases of the Gallbladdei 
and Ducts “ The othei contiihutois weie Hans Keii, of Halbeistadt, Halsted 
and W J Mayo The following }eai he was elected to membei ship and 
attended all the meetings of the Association until his letiiement, in 1927, ex- 
cept for the yeais of his oveiseas seivice Dm mg this long membei ship he 
took an active part m the proceedings and was elected piesident m 1920 

He was born at Westfield, N Y, July 28, i86r, the son of Francis B 
Biewer and Susan H Rood On June 29, 1893, he maiiied Effie Leighton 
Brown, at Chestei, Pa , there being two childien, Leighton and Geoige Eniei- 
son, Jr 

In his latei years as teachei as diagnostician, and m his caie of his patients 
he showed the effects of his hioad eaily tiaming While at Hamilton College, 
wheie he leceived the degiees of A B , m 1881. and A I\I , m 1884, he was 
the college organist His fiist tno years of medical study weie spent at the 
University of Buffalo Duiiiig this period he lived with Di Julius F Minoi, 
Professor of Suigeiy, and assisted him with his opeiations and 111 his office 
During these summers, he acted as apothecaiy at the State Insane Asylum 
He enteied the thud-3 ear class at Harvaid Univeisity, and leceived his M D 
degree in 1884 Befoie graduation, he w'on first place 111 the intein examina- 
tions for the Boston City Hospital, wdiere he seived noth Dis Robeit Lovett, 
John Munro and Leonard Wood After a iesidenc3'' in obstetiics and g3Uie- 
cology at Columbia Hospital for Women, in Washington, D C , m 1886, he 
w^ent to Baltimore as “fellow by couites3'” at Johns Hopkins Universit3'-, undei 
Dr William H Welch He also held a position at this time as Resident 
Supeiintendent of the Baltimoie Cit3'^ Insane Hospital 

In 1887, he came to New^ Yoik and staited the geneial piactice of medi- 
cine, w^orking 111 the Out-Patient depaitments of Roosevelt, Bellevue and 
Chambers Street Hospitals The following 3^ear, he became the assistant of 
Di Henry Holbrook Curtis, an eminent nose and tin oat specialist, an asso- 
ciation that lasted five yeais Dm mg these summeis, he cained on an active 
general piactice at Block Island 

His first appointment to the College of Physicians and Surgeons, Columbia 
University, was that of assistant 111 Genito-Urinary Surgeiy to Dr Fessenden 
Nott Otis In 1892, he became assistant demonstiator of anatomy, and dm mg 
that summei studied m Edmbmgh undei Sir William Tiiinei and Doctoi 
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Hepburn He was appointed attending surgeon at the City Hospital in 1899 
It was hei e that he began his studies in opei ating room technic, which were of 
gieat influence in that impoitant period of suigery Two years later, lie was 
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George Emerson Brewer 

made junior surgeon at Roosevelt Hospital and the College, with Dr Joseph 
A Blake, and founded, with him, the research laboiatory of Surgical Path- 
ology at the College In 1913, he resigned from Roosevelt Hospital and be- 
came Suigical Director of the Presb)ftenan Hospital 
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He was one of the original membeis of the Society of Clinical Surgery and 
its first president He was also a member of the American Association of 
Genito-Urmary Suigeons, the New Yoik Academy of Medicine, the New 
York Surgical Society, the Societe Internationale de la Chiiurgie, and the 
Societe Internationale d’Urologie In 1913, he was President of the Clinical 
Congress of Suigeons of North America, which later became the Clinical 
Congress of the Ameiican College of Suigeons He was a member of the 
American Medical Association, and the American Uiological Association He 
was consulting surgeon at the City, Roosevelt, Presbyteiian, St Mark’s, St 
Vincent’s, Woman’s and Knickerbocker Hospitals, and the Manhattan Eye 
and Ear Infirmaiy of New York City, the House of the Holy Comforter, 
Flushing, Muhlenberg Hospital, Plainfield, the Peith Amboy Hospital, and 
Christ’s Hospital, Jeisey City 

Doctor Brewer, m addition to many ai tides on anatomic and surgical con- 
ditions, especially diseases of the kidney, gallbladdei and large intestine, was 
the author of “Textbook on Surgery” (3 editions), and “Surgical Diagnosis ” 

On May 15, 1917, he sailed foi oveiseas as dnectoi of Base Hospital Unit 
No 2, which took chaige of No i Geneial Hospital, B E F , at !Etretat, 
France He seived wnth an opei ating team at Casualty Clearing Station No 
4 in the Passchendaele campaign in the summer of 1917 In February, 1918, 
he w'as made Consulting Surgeon to the 42nd Division, A E F , and later, 
chief consultant 111 Suigeiy to the First Corps and still later to the First Army, 
serving 111 the aiea of the advance m the Chateau Thieiry, St Mihiel and 
Argonne campaigns He was latei made Officiei de I’Ordre de la Couronne 
(Belgium) 

In 1916, Hamilton College confened upon him the degiee of LED , and, 
in 1929, he received from Columbia Univei sity the degiee of Sc D (hon ) In 
1920, he w^as made an honoiary fellow'- of the Royal College of Surgeons of 
Ireland 

In 1928, Doctor Biew'er retired from the practice of surgery, and immed- 
iately w'ent to Fiance to renew his interest and study of anthiopology Soon 
after his return he w'as made Research Associate of Somatic Anthropology at 
the American Museum of Natural Histoiy 

Early m 1937, it became evident that he had a neoplasm of the bladder 
Although this was held in check by radiation for almost two years, m Decem- 
ber, 1939 ) F became rapidly w'orse and he died quietly on Christmas Eve, 1939 

William Darrach 
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Dr Alexius McGlannan died at his home, 115 West Fiankhn Street, 
Baltimoie, Sunday, Felnuary 25, 1940, after an illness of consideiable dura- 
tion Doctor McGlannan was bom in Baltimore, July 24, 1872, his parents 



Alem^s McGE\^^A^, JI D 


being Alexius W IMcGlannan and Agnes Veiomca Gallagher McGlannan 
His pieliminaiy education was received at Calvert Hall College, and he was 
giaduated in medicine by the College of Physicians and Surgeons, now com- 
bined with the University of Maryland, m 1895, and soon became actively 
engaged in teaching in this institution 
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At first he seemed inclined to medical subjects, with a particular mteiest 
m chemistry, but soon decided that surgeiy was to be his life’s work and 
became connected with this department, quickly woiking his way upward 
He had the conception, moie univei sally stressed by many later, that the 
study of pathology is an impoitant foundation to good surgeiy, and became 
rather closely associated with the late Dr Joseph C Bloodgood in his 
laboratory at the Johns Hopkins Hospital, and m his clinical work at St 
Agnes Hospital His emphasis on pathology m his opeiative clinics, ward 
classes and lectures was a distinguishing chai acteristic of his teaching 

Doctor McGlannan’s great eneigy, his fidelity to his work, and an 
unusual memory, soon bore fiuit in lapid advancement in his chosen specialty 
By 1915, he had become Professoi of Clinical Suigeiy and Suigical Pathology 
at the College of Physicians and Suigeons In 1930, he was made Professor 
of Suigery at the School of Medicine, University of Maryland, the two 
schools having been combined In 1926, he was made Chief Surgeon of 
Mercy Hospital, Baltimoie, where most of his work had been done and 
wheie he advanced step by step 

These positions entailed so much woik that he eventually declined to 
operate except m the hospital with which he was so closely allied and for 
which he did so much, though he was on the Staffs of several others In 
1933, his health became impaiied and necessitated cuitailment of his activities, 
but by this time, he had accomplished a prodigious amount of work and 
achieved many honors In addition to the positions already mentioned, 
he had been honored by numerous offices 111 the Medical and Chirurgical 
Faculty of Maryland, doing almost unlimited woik on its committees, and 
was elected its President m 1929 

In addition to the City and State Societies and the Ameiican Medical 
Association, he was a membei of the Ameiican Surgical Association, Southern 
Surgical Association, American College of Suigeons and Ameiican Castio- 
Enterologic Association, and contributed many papers to these societies and 
to medical journals In fact, it might be said that during his active years, 
besides the operative woik of a large clinic, much teaching and caring for a 
large private practice, he wi ote a gi eat deal One sees his articles in Systems 
of Surgery and Medicine, and his name in many bibliographies The number 
of his published ai tides totals nearly 100 

Apparently, Doctor McClannan felt that “opportunity is kind but only 
to the industrious ” He had none of the usual avocations, such as golf, 
hunting or fishing, though he did some boating on Saranac Lake where he 
spent the summers at his elaborate camp He did not drink, smoke or play 
cards General reading and music were his recreations He never ceased 
studying, even when he no longer operated 

Doctor McGlannan’s reading was of a wide lange with Surgery as the 
central theme, but he seemed to gather information easily and retain it 
permanently about all manner of subjects This naturally added to his value 
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as a consultant in diagnosis and tieatinent, and enabled him to, sui passingly 
well, avoid being the type of surgeon who is only an opeiator 

Doctoi McGlannan’s fiist vife, who was Miss Anna Maria Crean, died 
in 1902 They had one son, Alexius McGlannan III In 1907, he mariied 
Di Sallie Poitei Law, who was giaduated in medicine at the Johns Hop- 
kins Medical School that 3'eai but nevei practiced Mis McGlannan is a 
gifted aitist and illustiated Doctor McGlannan’s surgical papers There were 
no childien by this mariiage He is suivived by Mis McGlannan, his son 
by his fiist mairiage, and nieces and nephews 

One could pa)'^ tiibute to Doctoi McGlannan’s ability, his industry, his 
accomplishments in surgeiy, 01 his devotion to the Roman Catholic religion 
and his exemplaiy life, but to maity colleagues, house officers, students, and 
countless patients, his outstanding chaiacteiistics weie friendliness and kind- 
ness and, above all, chaiitableness He lent stiength to the quotation, “Chaiit}'^ 
sufteieth long and is kind, chanty envieth not, chanty vaunteth not itself, 
IS not puffed up ” Walter D Wise 


GOVERNMENT TO NEED TEMPORARY AND PART-TIME 
CIVILIAN MEDICAL OFFICERS 

The exi^ansion of the aimy cieates a need for about 600 civilian medical 
officeis in vanous giades foi tempoiaiy and pait-time seivice The duties of 
full-time officeis will be to act as doctors of medicine in active practice m hos- 
pitals, 111 dispensanes, and in the field The duty of part-time officeis will be 
to leport foi sick call at a fixed houi each day and to be subject to emeigency 
call at all times 

The Civil Seivice Commission in making this announcement calls paiticular 
attention to the fact that pait-time officeis ivill be able to continue their legular 
piactice In oidei that this may be done, appointments to the part-time 
positions will be made of medical officeis in the vicinity of the place of duty 

Infoimation concerning these positions may be obtained fiom the Secietaiy 
of the Board of U S Civil Seivice Examiners at any fiist- 01 second-class 
post office, 01 fiom the United States Civil Seivice Commission, Washington, 
D C Physicians aie uiged to apply at once This woik is of the greatest 
impoitance to the success of the National Defense piogiam 
August 31, 1940 
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PERSONAL EXPERIENCES IN VASCULAR SURGERY ^ 

A STATISTICAL SYNOPSIS 

Rudolph Matas, M D 
New Orleans, La 

Historical Prepace — Since I am circumscribed by the title of this paper 
to a summar}' of my personal experience in the surgery of the blood vessels, 
with special reference to aneurysm, I trust it will not be regaided as inappro- 
priate that I should begin with a statement of the historical and statistical data 
upon which this experience is based 

Though the surgeiy of the blood vessels, meaning by this the operations 
upon the great arteries and veins that require anatomic knowledge and sur- 
gical skill foi their performance, constituted one of the most notable and dis- 
tinctive chapters in the history of surgery m Louisiana, it is not until a rela- 
tively late peiiod m the state’s history — as late as 1825 — 22 years after the 
teiritory now known as Louisiana had become a possession of the United 
States, that the first records of such operations appear in the annual reports 
of the Chanty Hospital of New Orleans Prior to this date, the most careful 
inquiry into the histoi}'^ of the colonial period, through the 104 years of the 
alternate French and Spanish dominations (1699-1803), fails to disclose any 
documents or data that would throw light on the status of suigery in the 
colony, except for the laws that regulated its practice and which, as late as 
1770 (during Goveinor O’Reilly’s administiation), discriminated between 
the ph)^sician and the surgeon, and made the latter subservient to the former 
This distinction was never stiictly observed m the colony, except in the case 
of the so-called “barber-surgeons,” and had ceased altogether after the Louisi- 
ana purchase by the United States, m 1803 Though it would seem strange 
and singular that the records of the early mihtaiy and other well-qualified 
colonial surgeons, of great experience in the constant warfai e of the colonists 
with their savage foes and their European rivals, should have been so barren 
of historical commentaries or official repoits, it is none the less true that no 
records of their surgical services and activities are in existence 

In contrast to the lack of information on the surgeiy of the colonial period, 
the medical historian finds a great wealth of mateiial in the epidemic and 
endemic fevers and other pestilential diseases that frequently ravaged the 

Presented bj title before the American Surgical Association, St Louis, Mav 
I, 2, 3, 1940 
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population and which, combined with other great calamities (wai, famine, 
floods, hurricanes, fires), often threatened the struggling colony at New Or- 
leans with extinction These major evils so completely overshadowed the 
casualties and incidents of suigical piactice that no references to the latter 
are found in the official reports of the colonial governors, oi in the later pub- 
lications of the historians of that period In the absence of all records, we can 
well imagine that, whatevei the modes of surgical practice adopted by the 
French colonial surgeons, they weie largely, if not exclusively, modeled after 
the pattern of the schools of France, the mother country During the Spanish 
interiegnum (1766-1803) medical practice remained essentially French and 
unchanged, except in the purely official relations It is, however, a notable 
fact, worthy of record, that the first book printed in Louisiana (1796) and 
tianslated into French for populai distribution, was a medical treatise, written 
in Spanish, by Di Joseph Masdevall,'^ physician to King Charles III, and to 
the royal household 

Surgical piactice 111 Louisiana was, theiefore, a mere leflex of the surgeiy 
in Fiance as it developed duimg the eighteenth centur}-, and it is only to this 
souice that ve can look foi information on the status of surgery in Louisiana 
and in the other Fiench colonies of the period When we considei that the 
touimquet, invented by Morel (1674), and its modifications by Pettit and 
others, had not come into geneial use until the first decade of the century, and 
then used only to control hemoirhage m amputations, that the ligation of 
arteries as almost exclusively confined to hemostasis in amputations , that 
hemostasis in bleeding wounds was laigely a matter of local vegetable, animal 
and mineral styptics, among which flourished the “hemostatic plug or ‘button’ 

* “Medicamens et Precis de la Methode de M Masdevall, Docteur medecin du Roi 
d’Espagne Charles IV , Pour guerir Toutes les Maladies, Epidemiques, Putndes, et 
Malignes, Fievre de Differents Genres, etc , pour en Preserver Divises en Paragraphes 
et en Numeros Correspondants, a I’Usage des Families Depourvues de Medecms Prix 
4 Escalins Broche, chez Louis Duclet, Imprimeur, a la Nouvelle Orleans, 1796 Avec Per- 
mission du Gouvernement ” The book is dedicated to the "very illustrious” Baron de 
Carondelet, Governor of Louisiana 

Masdevall stood high in Spam as a sanitarian and epidemiologist, with special 
experience in the malignant “pestilential and putrid fevers” (typhus, malaria and yel- 
low fever), m the treatment of which he claimed and was credited with great success 
The book printed in New Orleans was intended as a popular guide for the direction of 
the colonists in the Spanish possessions in the treatment of the malignant fevers It was 
published and distributed by order of the King The chief ingredients of his polyphar- 
macal formula (Masdevall’s potion or electuary) were powdered cinchona bark and 
tartar emetic m small doses His great merit, and probable secret of his success, was 
his vigorous condemnation of bloodletting in all its forms, at that time the universal 
practice He was President of the Spanish Academy of Medicine, Madrid (1799) He 
never visited Louisiana Masdevall was born in Figueras, Catalonia, Spain, and grad- 
uated from Cervera and Montpellier The precise date of his birth is unknown, but it 
was sometime during the decade 1740-1750 He died at Trujillo (Northern Spam) 111 
1801, while accompanying King Charles IV and the royal family to the frontier in the 
prelude to the Napoleonic invasion (For biography and other data see Garcia del Real, 
Histona de la Medicina en Espana, i vol , 404-418, Madrid, 1921 , also Jaume Pi-Suner| 
in La Medicina Catalana, 8 , Nos 47-48, p 1-2, August-September, 1937 ) 
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of vitiiol, or alum” applied as a surface plug to bleeding vessels — and the 
actual cautery as a supreme resource, that the ligation of the great arteries, 
m continuity, for the control of hemorrhage and for the cure of aneurysm was 
not practiced until 1786, when John Hunter, in England, Desault, Anel, 
Biasdor, Deschamps, in France, contemporaneously advocated and practiced 
it, that the first knowledge of arteriovenous aneurysms came with William 
Hunter, in 1761 — and that some of the ablest surgeons of Europe (Percival 
Pott, 1790, et al ) preferred amputations to the ligation of arteries for the cure 
of aneuiysm , that the rules for the ligation of wounded arteries which had been 
formulated by Laney, m France, and Guthrie, John Hunter and John Bell, 
as the result of their observations in the Napoleonic campaigns, were not gen- 
erally known or uni vei sally adopted until after 1825-1840 — it is evident, in 
view of the lateness of these advances, that no ligations involving the blood 
vessels could have been performed (apart from amputations) duiing the co- 
lonial peiiod, or, at best, only at the close of the eighteenth and beginning of 
the nineteenth centuries 

Furthermoie, the conditions that prevailed in New Oi leans, the only center 
of medical activity m the vast teiritory or “province” of Louisiana, were not 
at all favorable 01 conducive to any unusual 01 daring surgical enterprises 
In 1803, when Louisiana was transferred to the United States, the total 
population of the city was little ovei 8,000 and, of these, half were slaves or 
free blacks There were in all not over 20 regulai graduates or qualified 
medical practitionei s Apart from the Spanish Military Hospital, and the 
Leper Hospital, there was only one hospital in effective operation, and that 
was the Charity Hospital of St Chailes (San Carlos), created in 1784 by a 
philanthropic Spaniaid, Don Andres Almonester y Rojas, to leplace the first 
“Hopital des Pauvres,” a small establishment of a dozen beds, which had 
been founded by the legacy of an humble French sailor, Jean Louis, in 1736, 
18 yeais after the foundation of New Orleans, in 1718 This had been de- 
stroyed by a hurricane m 1779, and the Almonester Hospital itself (with 35 
beds) was also consumed by the great fiie which sivept over the city in 1809 
The Spanish Military Hospital, the old “King’s Hospital” founded by Bien- 
ville and enlarged by the Spanish Goveinoi O’Reilly, m 1770, for sick soldiers 
and government officials, became obsolete soon after the transfer to the United 
States, in 1803 Whatevei records of the operations performed in these hos- 
pitals that could have given an insight into the surgical practice of that period 
ivere lost Fuithermoie, the messages of the French and Spanish governors 
to their governments referred only to general medical conditions that affected 
the health of the colony, but never touched upon matters of technical interest to 
the profession Again, we may say that any incentives to the publication of 
their experiences that the colonial practitioners might have had were denied 
them by the fact that no printing press was in operation m Louisiana until 1764 
The first newspaper published in Louisiana was the Momtcia dc la Loiasiane, 
which was staited near the close of the century, in 1794 Again we may say 
that the chief stimulus to the exchange and discussion of medical experiences 
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was wanting for lack of medical organization during the colonial regime 
The first attempts at a medical society by O’Reilly in his proclamation of I 77 ®> 
and by LeDuc in 1804, proved abortive and were not renewed until 1817, when 
the “Societe Medicale de la Nouvelle Orleans,” which was composed of the 
French speaking physicians, was organized (first meeting, August 19, 1817) , 
this was followed in less than three years by the “Physico-Medical Society 
(incorporated February 16, 1820), representing the English speaking doctors 

The first medical journal published in Louisiana was the Journal de la 
Societe Medicale de la Nouvelle Orleans, which made its first appearance 
111 1839, as the organ of the French Society of the same name The next 
jouinal was the New Orleans Medical Journal, edited by Fenner and Hester 
in 1844, which merged the year after (1845) with the New Orleans Medical 
and Surgical Journal, which has remained, ever since, as the mam repository 
of the medical history of the state 

We see by all this that, even after the memorable battle of New Orleans 
on January 8, 1815, there were no medical societies or publications m which 
events of medical and surgical importance could have been discussed or re- 
corded Not even the battle of New Orleans, with its nearly 2,000 British 
killed and wounded, has left behind it any history or historian whose observa- 
tions could have profited the profession by the study of the medical and sur- 
gical lessons gathered from that epochal battle But there was no Larrey or 
a Guthrie on either the British or American side to extract out of the carnage 
of battle something useful for the benefit of humanity and for the progress of 
surgery, as these great military surgeons had done out of their experience 
m the Napoleonic Wars 

LOUISIANA PURCHASE AND TRANSFER TO THE UNITED STATES 
ITS EFFECT ON THE MEDICAL AFFAIRS OF THE TERRITORY 

The radical changes in the political and governmental status of the vast 
territory which followed the acquisition of the French colonial “Province of 
Louisiana” by the United States, in 1803, and which became more definite 
and stabilized when Louisiana was admitted as a state of the Union, m 1812, 
had a profound effect on the affairs and future of the medical profession of 
the state as upon everything else 

With the removal of all barriers and restrictions to immigration and com- 
merce with the Anglo-American colonies and foreign countries, which had 
been imposed by the colonial governments for over a century, the population 
of New Orleans and of the country districts (parishes) rapidly increased and 
a new era of business activity, economic and agrarian prosperity was inaugu- 
rated which benefited all classes Paradoxic as it may seem, the Creole de- 
scendants of the old French colonists, whose fortunes had remained stagnant 
during the Colonial regime, now became the greatest beneficiaries of the 
administrative changes instituted by the new American government With 
the free navigation of the Mississippi, the river traffic increased enormously, 
and with a free outlet to the sea, the unrestrained maritime commerce with 
foreign countries soon made New Orleans one of the busiest and most pros- 
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perous ports of the United States Likewise, a steady stream of hardy Anglo- 
American pioneers from neighboring and border states, especially from Ken- 
tucky, Tennessee, Missouii, Arkansas and Mississippi, soon began to flow 
into the northwest parishes of the newly created state, and established new 
English-speaking settlements in parts which had been scarcely touched by the 
original French and Spanish colonists The population of New Orleans, 
which was a little more than 8,000 m 1803, rose to 29,000 in 1821, and, in 
1830, had giown to 49,826, of which 29,580 weie whites and 21,280 were 
Negroes or fiee slaves The present state of Louisiana (originally defined as 
the territory of Orleans) compiised a total population of 215,739, of whom 
89,441 were whites, 16,710 free colored, and 109,588 slaves Ten years later, 
m 1840, the population of New Oi leans had inci eased to 102,204, and that 
of the state as a whole to 352,411, of whom 158,457 were white inhabitants 
The white population was then made up of Anglo-Americans, French and 
Spanish colonists and their Cieole (white) descendants, together with a large 
pioportion of Germans, and a good sprinkling of almost every other nation 
of the globe 

With this rapid increase m population came many enterprising medical 
practitionei s who hailed from the recently established Ameiican schools in 
the northeastern and southern states, who found lucrative practices in the 
new Anglo-American population Owing to the practical cessation of French 
and Spanish immigration, they soon obtained the ascendancy, not only in 
medical piactice, but m the administration of the medical institutions of the 
state, which, during the colonial period, had been almost exclusively in the 
hands of graduates of Pans and other Fiench medical schools 

As the population increased, the need of gi eater facilities for the care of 
the indigent sick and mjuied of New Orleans and of the commonwealth be- 
came more pressing As previously stated, the only charity hospital in active 
operation at the time of the Louisiana purchase, in 1803, was the Almonester 
Hospital (San Carlos) This hospital continued in the service of the pooi 
until 1809, when it was consumed in the great fire that swept over the city at 
that time After a long interval of great hardship to the poor of the commu- 
nity, a third Charity Hospital, this time erected by the state and not by private 
beneficence, was built on Canal Street in 1815-1816 It had 125 bed-capacity, 
and continued to be the mam agency for the city’s charity to the sick poor 
until 1832, when it was replaced by a new and spacious building of 540 bed- 
capacity, which the state erected at the site of the present unit on Common 
Stieet, now Tulane Avenue 

At the time of its erection, this hospital was the largest and oldest hospital 
111 the South and probably m the United States Six years after it had been 
built, 1848-1849, it was ovei crowded, and it became necessary to enlarge the 
oiigmal plant by the addition of new buildings to provide adequate accommo- 
dation for the constantly increasing number of indigent sick and injured ot 
the rapidly growing population of the city and state In 1848, it could accom- 
modate 1,000 patients, and had a yearly average of 11,000 to 13,000 admis- 
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sions It was then the largest hospital m existence It stood fair compaiison 
with those of Europe and America At that time, in Pans, the Hotel Dieu 
had a capacity of 8io beds and La Charite 494 beds, and these were the 
largest medical chanties in that world metropolis 

After serving for more than 103 years, the mam building and several other 
old buildings were demolished in 1936 to make place foi the present New 
Charity Hospital, opened July i, 1940 It is in the course of the evolution 
and growth during these 103 years that this institution has attained the mag- 
nificent proportions that have made it the largest, as well as the oldest and 
best known public charity m the Southwest Its history coincides with the 
evolution and progress of surgery, and its piactice reflects the piogressive 
and revolutionary changes that have chaiacterized the tiansition from the old 
to the new surgery, in this centennial period * 

^ * 

It may be safely said that, from its beginning m 1832 to the late seventies, 
the Charity Hospital stood as an isolated but towering refuge for the indigent 
sick and injured, not only of Louisiana but of the sparsely settled countiy 
bordering on the banks of the lower Mississippi, who could be transported by 
the river routes and scant railroad facilities of that time, all the way from 
Cairo, Illinois to New Orleans The relatively unsettled and lawless state 
of the country all along the Mississippi Valley following the accession of 
Louisiana and the opening of the newly acquired territory m the South and 
great Southwest, usually provided an abundant clinic of wounds of all sorts, 
many of these involving the large peiipheral blood vessels, including then 
sequelae, the arterial and arteriovenous aneurysms It was these that fur- 
nished the most interesting material for the display of anatomic knowledge 
and surgical skill of the surgeons who flourished at the Charity Hospital and 
who, in the thirties and forties, were beginning to establish a widespread 
leputation for New Orleans as the center of the greatest medical and surgical 
activity in the South and Southwest 

The history of the Charity Hospital, as evolved since 1832, in its present 
and prodigiously developed plant, is practically contemporaneous with the 
foundation of the first Medical College of Louisiana, which was organized, 
m 1834, and continued later (1847-1884) as the Medical Department of the 
University of Louisiana, and, since 1884, as the Medical School of the Tulane 
University of Louisiana As a result of the combined activities of its first 
faculty, who constituted the medical staff of the hospital, and the great and 
growing resources of the hospital as a school of incomparable facilities for 

* According to the last report, which appeared in March, 1940, the New Charity- 
Hospital IS equipped with 3,300 beds, 40 operating rooms, a personnel of 400 visiting 
physicians and surgeons, 171 interns, 105 resident physicians, 400 graduate nurses, 315 
student nurses, also technicians and numerous nonmedical workers included m a paid 
staff of about 2,200 Statistics for the last year, ending July i, 1939, show a total of 
58,899 admissions, 26,575 new cases and 404,996 total visits m the Out-Clinic, 44,957 
cases in the accident room , and 23,473 operations performed in the operating rooms 
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clinical instruction, the hospital became, not only the fountain source of 
medical education in the South, but also, in view of the surgical achievements 
of the renowned surgical teachers who flourished in it, the very cradle and 
nursery of surgery in Louisiana In fact, the history of surgery in so far as 
Louisiana is concerned, really dates back to the foundation of the Chanty 
Hospital in 1832, for whatever achievements in this field of medicine may 
have been accomplished by previous generations have been lost and remained 
unrecoided until the first records of this hospital brought them to light and 
made them available to the medical historian It is. therefore, m collecting 
the data of the history of vascular surger}”- in which we are now especially 
concerned, that we are compelled to begin with the first i ecords of the Charity 
Hospital as the chief and only foundation for our research 

We must bear m mind that it was not until 1S45 that anesthesia by ether 
was discovered, and chloroform in 1847, it was not until late in the 

seventies that the antiseptic doctrine which Lister had enunciated in 1867 
was recognized and, even then, quite indifferently and skeptically applied in 
cuirent practice Consequently, the practice of surgery was largely circum- 
scribed to the extremities in which fractures, dislocations, amputations, the 
ligation of arteries and the tieatment of ulcers and wounds constituted the 
chief work of the surgeon The limitations of surgery were indeed then very 
great and, as late as 1881, did not constitute more than 32 per cent of the 
total medical treatment given by the hospital There was then no abdominal 
or gynecologic surgery, no thoracic surgery, no orthopedic or neurologic sur- 
gery, nothing except fractures, dislocations and amputations, lithotomy or 
cutting for stone, an occasional trephining, rarely a celiotomy for ovarian 
tumor, strangulated hernia, or an operation for cataract, to diveit the atten- 
tion of the surgeon away from the extremities or to extend the excursions 
of surgeiy beyond them And this was the status of surgery throughout the 
world until the last quarter of the nineteenth century, when the genius of 
Pasteur and Lister emancipated surger)-^ and suddenly expanded its dominion 
and its therapeutic resouices to its piesent limitless horizon It is not sur- 
prising that the surgeons of the later eighteenth and of the nineteenth cen- 
turies should have cultivated a special interest in the surgery of the blood 
vessels which piovided the most inviting field for the display of anatomic 
knowledge and for the accomplishment of daring feats in surgery which, at 
that time, weie justly regarded as the highest attainments of the art The 
surgeons who attained the greatest fame throughout the world had won their 
reputations largely through their achievement in the surgery of the blood 
vessels The great names of Desault, Dupuytren, Anel, Deschamps, Brasdor, 
Lisfranc, Velpeau and Broca, in France, Valsalva, Lancisi, Scarpa and Porta, 
m Italy, John and William Hunter, Charles and John Bell, Abernethy, 
Guthrie, Sir Astley Cooper, Liston, Hodgson Syme, Wardrop, Billingham 
and Compton, in the British Isles , Graeffe, Purmann, Dieffenbach, Stromeyer, 
Langenbeck and Hutter, in Germany, Pirogoff in Russia In America, the 
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daring and success of the early New England and Eastern surgeons in the 
ligation of the carotids, subclavians, iliacs, femorals, etc , were far in advance 
of the European surgeons , conspicuous among these were Wiight Post, W F 
Cogswell, Amos Twitchell, J S Dorsey, James McGill, W Gibson, Willard 
Parker, and above all, Valentine Motf^— /nn/i? pi inceps of the vasculai sur- 
geons of his time— are inseparably bound with the most notable achievements 
of the preanesthetic and prelisterian period It is natuial, therefoie, that the 
surgeons and teachers at the Charity Hospital living in the same period should 
have yielded to identical aspirations and tendencies that dominated the surgi- 
cal world and that incited them to devise and perfoim opeiations for the cure 
of aneurysms which were new and daiing for that age Thus, we see the 
first successful ligation of the common iliac aiteiy for aneurysm performed 
at the Charity Hospital, in the early thirties, by Chailes Luzenbeig (1808- 
1848), the first professor of surgery in Louisiana, and again by his successoi, 
Warren Stone (180S-1872), who was the fiist to use a metallic ligature 
(silver wire) to occlude the same vessel, 111 older to avoid the dangers of the 
classic, but septic, silk ligatures Later, Wederstrandt lepeated the same feat, 
and Wedderburn ligated the third subclavian, while Stone successfully at- 
tacked the aneurysms of the extremities, including ti aumatic aneurysms of the 
gluteal and vertebral arteries, in the forties and fifties Other ligations were 
performed 111 the same period by Picton, Armand Meicier, Daiet, Compton, 
Choppin, Schuppert, and still others, too numerous to mention But the 
crowning event in the prelisterian period of the hospital’s history was the first 
successful ligation of the innominate for a subclavian aneurysm by Andiew 
Smyth in 1864 — which gave this illustiious surgeon, and the hospital, an 
enduring and widespread international fame 

The descriptions of these operations, as they were performed by these 
enterprising pioneer surgeons, in the difficult and unpiepared conditions of 
surgical technic which prevailed m the preantiseptic period, read to the sui- 
geon of to-day as a sort of adventurous epic well tinctured with heioic flavoi 

5 (< 


*In his memoir of Mott (1785-1865), published m 1868, Professor S D Gross 
writes “No Surgeon, living or dead, ever tied so many vessels or so successfully, for 
the cure of aneurysm, the relief of injury or the arrest of morbid growths The catalogue, 
inclusive of the celebrated first ligation of the innominate artery (1818) (succumbed to 
secondary hemorrhage on the 28th day), comprises eight examples of the subclavian 
artery, 51 of the primitive carotid, two of the external carotid, one of the common iliac 
(first successful) 1827, six of the external iliac, two of the internal iliac, 57 of the femoral 
and ten of the popliteal , in all, 138 ” Besides the ligations, he had 165 lithotomies and 
over 1,000 amputations to his credit 

Sir Astley Cooper, one of his early teachers, spoke of him as “the surgeon who had 
performed more of the great operations of surgery than any man living, or that ever did 
Ine” (Gross’ Memoirs, 1 c, and m Century of Am Surgery, Lea, Phila , 1876, F Gar- 
rison, Bulletin N Y Academy of Med , August, 1925, 2nd series i ) 
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It was my good fortune to begin my internship m the Charity, at the 
veiy dawn of the hstenan era (1877), but I can well remember a number 
of amputation stumps with long, dangling ligatures attached like suppurating 
setons to the mam arteries, as a sign that the short, buried, antiseptic ligature 
had not yet won the confidence of all surgeons 

Even in the seventies and early eighties, the fear of infection, suppuration 
and secondary hemoirhage which was an almost invariable sequela of the 
ligature for the cuie of aneurysm, awed the surgeons and restrained them 
from any open attack on the aneurysms of the great vessels and led them to 
resoit, when at all possible, to mechanical and bloodless methods such as 
indirect digital compression (Jonathan Knight, m the United States, and 
Belmas, in France, 1844) > msti umental compression by various devices (W 
Reid, 1875) , flexion (Hart, 1S57) , needling, malaxation and wiiing foi the 
inoperable central aneurysms 

I had assisted as an undergraduate intern m the application of all these 
methods by my distinguished chiefs — T G Richardson, Samuel Logan, A B 
Miles, and particularly Di Edmond Souchon, whose valuable contributions 
to the surgery of aneuiysms have left an enduring mark in the literature It 
was only when the bloodless methods failed that the hunterian ligature was 
adopted, usually, as a last lesort Incision of the sac after bipolar ligation and 
packing (Antyllus), or excision of the sac were not thought of except when 
rupture was threatened by infection and suppuration or sloughing, and even 
then an amputation was deemed safer by most of the staff In the aortic and 
othei central aneurysms, absolute rest in bed with a restricted diet and the 
administration of mercury, potassium iodide, opium or morphia for pain, and 
such circulatoiy depressants as veiatrum viride, or aconite, following the an- 
cient teachings of Valsalva, Jeliffe Tuffnel and Bilhngham of the Irish school, 
was the only tieatment — a mode of treatment which has not materially im- 
proved up to the present except for the benefits of the arsenical preparations, 
salvarsan, arsphenamine and bismuth, which undoubtedly exercise a prophy- 
lactic beneficial influence in arresting the aortitis or aiteritis of syphilitic 
subjects when timely administered before the actual aneurysmal stage is 
reached 

In this connection, the rise and spread of the pathogeme anemysms as a manifestation 
of arterial disease, particularly involving the aorta and its large central branches — when 
coupled with their greatly increased prevalence in the Negro race since emancipation — is 
one of the most striking features of the Chanty Hospital experience 

It IS a well-established fact that the aneurysms of the aorta were a relatively negli- 
gible factor in the mortality of the Southern states before the Civil War, with even less 
incidence in the Negro slave population * 

* For a full description and appreciation of the great value and importance of the 
Charitj" Hospital as a center for the study of the comparative pathology of the white and 
Negro races, see the author’s monograph on “The Surgical Peculiarities of the American 
Negro A statistical inquiry based upon the records of the Charity Hospital ’’ Trans 
Am Surg Assn, 14, 130, 1896 
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At the Chanty Hospital, during the period 1825-1831, only two aneurysms were 
recorded in 15,707 total admissions, or one aneurysm to 7,853 admissions In the decade 
1865-1875, 65,935 total admissions yielded 63 aneurysms, or i 1,046 admissions In the 
decade 1884-1893, a total of 199 aneurysms were admitted, whites 143 (7186 per cent), 
or I 3125, and colored 56 (2814 per cent), or i 344 8 In 1904-1931 (27 years) a total 
of 1027 aneurysms were admitted, or i 335 surgical admissions, i 1,166 total white ad- 
missions and I 329 9 total colored admissions 

In the five years, 1935-1939, a total of 412 aneurysms were admitted, or i 742 total 
admissions and i 296 surgical admissions In this group the ratio was one wdnte to 3 5 
Negroes Of these 412 aneurjsms, 90 per cent were pathogenic, chiefly aortic, and of 
these, 733 per cent were Wassermann positive Of the total 412, only 45, or 109 per cent, 
were regarded as surgical and were operated upon 

It IS worthy of note that, wdiile the surgical or operative cases have not kept pace 
with the enormous increase in the “medical aneurysms” (the pathogenic, inoperable, 
chiefly aortic, aneurysms), the statistics of the operated cases show the extraordinary 
improvement that has been wrought m the results of the operations by modern methods 
During the 52 years, 1826-1877, (including the preanesthetic and pi eantiseptic periods), 
175 aneurj'sms were admitted for treatment at the Chanty Hospital During this period 
the methods of ligation and bloodless methods of indirect compression were in vogue 
There were in all 68 deaths, or a gross mortality of 45 3 per cent Collective staff statis- 
tics of Chant} Hospital from the files in the record library show that, from August, 1905 
to Jul}, 1934 (29 years), 234 patients w'ere operated upon for aneurysms by 37 surgeons 
(including 101 b} Dr klatas) Different methods were emplojed, including ligation, 
extirpation and endo-aneurysmorraphv There w’ere 38 deaths, or a gross mortality of 
16 2 per cent 

The result of this inquiry show's (i) That aneurysm as a disease and not trauma, 
has increased 13 times over its incidence 100 years ago , (2) that this increased prevalence 
IS particularly apparent in the colored population (3)4 times more prevalent in the 
Negro) , (3) that this increased prevalence is due to the vast preponderance of the 
pathogenic aneurysms of arterial disease (90 per cent), while the traumatic aneurysms 
have gained very little in prevalence in the last 40 years (ten pathogenic to one traumatic) , 
(4) that full} 75 per cent of the pathogenic aneurysms w'ere aortic or central, (5) that 
73 3 of these occur in Wassermann positive subjects, and (6) apart from the increased 
incidence of aortic aneurysms due to roentgenographic studies and greater facilities for 
diagnosis, there has been an actual increase in the prevalence of the disease, confirmed by 
postmortem evidence * That, while the incidence of aneurysms has vastly increased in 
the last 60 }ears, it has been chiefly in the aortic, internal or medical aneurysms, w'lth 
very little increase in the operable or surgical peripheral aneurysms, since we have had 
no condition of warfare w'hich w'ould increase traumatic aneurysms 

As far as the arteriovenous aneurysms aie concerned, the old teaching 
regarded them as relatively benign and not liable to rupture— a tradition 
which lingered from the days of William Hunter (1774) , they were allowed 
to remain undisturbed except by purely mechanical methods of compression 
\\'hen complicated by large varicose sacs, by infection or by other disabling 
varicosities they were attacked by the open method, only as a last resort 
When surgery was required, the proximal artery was ligated, but, as experi- 
ence too frequently proved, with no cure and often gangrene of the limb It 

* Ref I I Lemman Am Jour Med Sc , vol 105, No 5, 1916 
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was only after the great treatises of Paul Broca, in the fifties, and Pierre 
Delbet and von Bramman, in the eighties, that the principles underlying the 
cure of arteriovenous aneurysms were cleaily undei stood and that the extirpa- 
tion of the fistulous segments or the quadruple ligature were more frequently 
resorted to 

None the less, the complete ignorance of the profession regarding the 
secondary and evil efifects of arteriovenous fistula upon the heart and circula- 
tion which came as a revelation with the vast experience of the World War, 
continued until comparatively recent times, to protect these aneuiysms from 
active and aggressive surgical action We now knou that every arterio- 
venous fistula of large size and which involves the greater blood vessels is, 
apart from its disabling local and regional efifects, a perpetual menace to the 
integrity of the cii dilation, and that sooner or later, according to the size of 
the fistula and other coi related factois, the heart will suffer serious organic 
changes — dilatation, myocardial degeneration with a teiminal fatal decom- 
pensation 

t ^ 4- i- 4" 

Going back to my personal expeiience, I would state that my internship 
in a hospital wheie the surgery of the blood vessels had become a proud his- 
toric tradition, my association with the great surgeons and teachers just 
mentioned, who weie especially concerned with the cure of aneurysm, and the 
anatomic experience that I had acquired eaily in my career as demonstrator 
of anatomy foi ovei ten years in the dissecting rooms of the medical school, 
all combined to give me a special inteiest m vascular patholog}'' and thereby 
to utilize the unusual opportunity given me to study, clinically and surgically, 
the ever fascinating problems that foi practically 6o years have presented 
themselves to me as a visiting surgeon of the Charity Hospital and of the 
other local institutions with which I have been associated 

In the couise of these years the oppoi tunities foi the tieatment of aneu- 
rysm and other vascular lesions and diseases rapidly inci eased and, as my 
special interest and experience in the treatment of these cases became known 
to my associates, pupils and friends, I was favored by their kindness in re- 
ferring many m and out of town patients, some from distant states, who in- 
creased my statistics out of proportion to the number that would have been 
furnished to any single opeiator by the local suigical population In earlier 
years I operated upon a numbei of patients m private houses, but, as our 
hospital facilities increased I operated almost exclusively in the various hos- 
pitals Avith which I was connected (In addition to the Chaiit}^ Hospital, my 
list includes operations performed at the Hotel Dieu, New Orleans Sani- 
tarium, which became the Presbytenan Hospital, the Eye, Ear, Nose and 
Thioat Hospital, and Touro Infirmary) After 1904 my practice \vas con- 
fined to the Chanty Hospital and the Touro Infiimary 
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THE FIRST ENDO-ANEURYSMORRAPHY'^ 

Prior to 1888, I tieated the aneurysms and other allied vasculai lesions 
that came undei my care by the classical methods in vogue at the time , and 
m these the hgation on the hunterian oi Anel principles pi edominated But, 
on Apiil 6, 1888, I operated upon a young male Negro foi a very large tiau- 
matic (multiple gunshot) aneurysm of the biachial aitery, extending from 
the armpit to the elbow, which opened my eyes to the possibilities of an 
entirely new method of conservative tieatment which was to revolutionize my 
previous notions of aneuiysmal surgery In this case, the successive hgation 
of the mam artery on the pioximal and distal poles of the aneurysm had been 
followed by relapse, and it seemed to me, then, that I had no othei altei native 
but to extirpate the sac When I exposed the sac and emptied its contents, 
the failure of the ligations to control the cii dilation was easily explained by 
the appearance at the bottom of the sac of thiee laige oiifices coiiesponding 
to the collateral blanches which opened into the sac in the segment of the 
artery included between the ligatures It was evident that it was these col- 
lateial orifices that fed the sac despite the ligatures that had been placed at 
each one of its poles I, at first, intended to secure these collaterals by excis- 
ing the sac, but the blanches of the brachial plexus of nerves weie so densely 
incorporated m its walls that I could not have dissected them out and de- 
tached them, \\ ithout serious damage, thereby paralyzing the ai m It occtii red 
to me then that the easiest way out of this awkward dilemma was to seal the 
onfices of all the bleeding collafeials by sutwing them as zve zvould an m- 
tesfinal zvound, leaving the sac attached and undisturbed m the wound This 
procedure was at once put into effect and the hemostasis was so perfect and 
satisfactoiy that it seemed to me stiange that no one should have thought of 
so simple an expedient before 

This, then, was my first case of aneurysm tieated by the method of intra- 
saccular suture which, with further experience and thought, I developed and 
systematized into the method of endo-aneurysmorraphy or intrasaccular 
suture, and which, m its three phases — the obliterative, the lestorative and 
the reconstructive — is now associated with my name My initial case was 
reported m the Philadelphia Medical News, October 27, 188S — now more 
than 51 yeais ago But the first systematic description of the method was 
not reported until 14 years after this publication, 1902, at the meeting of the 

The spelling of the word “endo-aneurysmorrhaphy” is in accordance with the classi- 
cal orthography of the dictionaries This neologism was originally coined out of the 
Greek by me, in 1902, as descriptive of the eponymic designation “Matas operation” by 
which It was usually referred to in the literature Many have adopted “endo-aneurysmor- 
raphy” and others simply “aneurysmorraphy ” Personally, I have abandoned the origi- 
nal form for the contracted “endo-aneurysmoraphy” or “endo-aneurismoraphy” which 
IS equally descriptive and faithful to its origin, but much simplified by the elimination of 
unnecessary consonants, following the suggestion of the Carnegie Spelling Board When 
the term is frequently repeated, the word is still further abbreviated by writing “endo-a,” 
as m endo-a, ohhtci alive ^ endo-a, 1 csloi atwe^ endo-a, t cconsti itchve 
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Amencan Surgical Association held in Albany that year, and published in 
the Annals or Surgery for February, 1903 — now 37 years ago The ap- 
pearance of this paper was followed by many published reports and personal 
communications from other surgeons at home and abroad who confirmed the 
practical simplicity and conservative value of the operation and gave it then 
commendation and support Since the original report in 1902, I have pub- 
lished a number of statistical summaries which included my personal opera- 
tions and the cases reported by other surgeons as these steadily increased and 
accumulated m the literature Of these statistical papers, the most complete 
are The report of 225 operations presented by invitation at the International 
Medical Congress held in London in 1913, the second is my Mutter lecture 
m Philadelphia, 1915 (289 cases) , the third is my report to the French Sur- 
gical Congiess held in Pans m 1922, when I reported 350 aneurysmorraphies, 
including my own peisonal cases Again, in October, 1925, at the Clinical 
Congress of the Amencan College of Surgeons, m Philadelphia, I was able to 
increase the collective experience in aneurysmoi raphy to 478 recorded opera- 
tions contributed by the surgeons all over the world Of these, 65 had been 
perfoimed in my own practice, including the arterial and arteriovenous 
aneurysms Altogether, the surgeons of Louisiana, including my own cases 
had recorded over no aneurysmoriaphies m all three of its modes, and of 
which approximately 80 per cent aie of the obliterative type 

The collective results of these operations as they appear m the detailed 
summaries of my London (1913), Mutter lecture, Philadelphia (1915), Pans 
(1922), and Philadelphia (1925) statistics are, on the whole, very gratifying, 
and statistically superior to those of other methods resorted to for the same 
class of cases 

Since 1927, when the list of these operations, collected from the literature, 
had increased to 505, I have made no systematic search or compilation of cases 
reported m the literature In fact, the operation has entered so largely into 
the current surgeiy of most countiies that it has ceased to be a novelty and 
IS reported only in exceptional cases 

Taken altogether, m all its modalities or phases, the restorative, the re- 
constructive, and the obliterative — the mortality (exclusive of the aortic 
aneurysms) did not exceed 45 per cent, the gangrene following operations 
for aneurysms of the extremities, 3 5 per cent , secondary hemorrhage, i 6 
per cent , and the relapses, chiefly in reconstructive cases, i per cent of the 
350 operations reported to the French Congress in 1922 A far better show- 
ing, as a whole, than the statistics of the ligature or of extirpation which were 
so exhaustively compiled by Delbet and Mocquot, and by Monod and Van- 

* In the interval between these years, further clinical and anatomic opportunities 
presented themselves for the study of aneurysmal sac-interiors, which led to an entirelj' 
new study of the morphology and variations in the anatomy of aneurj^smal sacs, as fullj 
described under “Morphology of the Sac” in m3’' treatise on aneurysms, in Keen s Surger3 
This study led to the subdivision of endo-aneurysmorraphy into its three varieties, as 
previously stated 
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verts in France in 1911, and later by the German and Austrian surgeons 
during the World War as shown in my chapter on the “Military Surgeiy oi 
the Vascular System,” in Keen’s Supplemental Wai -Volume VI, 1921 (See 
ref 44 this Bibliography) 

In my statistics of 505 opeiations, which I had compiled from all souices 
up to 1927, I did not include the opeiations performed by the German and 
Austiian surgeons dm mg the World War Nearly 50 per cent of the cases 
of traumatic aneurysms reported by these surgeons as treated by the methods 
of mtrasaccular sutuie, weie lateial artenorraphies performed m aneurysmal 
sacs or matin e hematomas and m this way weie virtually, in principle and 
technic, my restorative endo-aneurysmoi rapines,"’' which I had described long 
before the war, but never credited, in Germany, until quite recently 

In the above statistics I have only referred to the operations performed by 
the method of aneurysmoi raphy or mtrasaccular suture, but I would like to 
make it clear that I do not treat all aneurysms by this or any one method I 
do not apply endo-aneur} smorraphy to all aneurysms, on the contrary, I am 
decidedly eclectic, selective and discriminative in my practice, and this atti- 
tude IS well shown by the following summary of my peisonal experience up 
to the present time ^ 

CLASSIFIED SUM]\IARY OF 620 OPERATIONS UPON THE BLOOD 
VESSELS, PERFORMED FOR ALL CAUSES, BY RUDOLPH 
MATAS, M D , NEW ORLEANS, LA , BETWEEN THE 
YEARS 1888 AND 1940 f 

PART I 


ANATOMIC DISTRIBUTION 

Operations upon the Common Carotid for Aneurysms or Aneurysmal Conditions 

(35 proximal, 18 distal) , (proximal — 24 arterial, ii arteriovenous) 53 

Operations upon the Common Carotid for Conditions other than Aneurysms 25 
Operations upon the Internal Carotid (including the middle cerebral) 

(4 arterial, 3 arteriovenous) 7 

Operations upon the External Carotid and its Branches for Aneurysms or 
Aneurysmal Conditions 

(5 arterial, 6 arteriovenous) ii 


^ Bier, A On War Aneurysms Handbuch Arzthche Erfarungen m Welt Knege 
Bd I Chirurg 2nd Part, 448-491, 1922, and C Franz Lehrbuch d Kriegschirurgie 
2nd Edit, 1939 

fThis statistical summary is based on the author’s classified tables of individual 
cases in which the essential facts are given in tabloid form for each patient, numbered 
in the order of his admission to the hospital or m the author’s prnate records 

It IS planned by the author to publish these tables conjointly with the descnptne text, 
in a senes of papers devoted to the discussion of the material, and the conclusions di awn 

from his experience, in each of the regional or anatomic groups, as outlined in this 
summary 
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Operations upon the External Carotid and its Branches for Conditions 

other than Aneurysms 321 


Total Carotid Operations 417 

Innominate 

6 provisional ligations (2 arterial, 4 arteriovenous) 

4 permanent ligations (all arterial) 

3 wiring with Colt’s apparatus (all arterial) 13 

Subclavian Aneurysms or Wounds (29 arterial, 7 arteriovenous) 36 

Axillary (i aiterial, 3 arteriovenous, 4 injuries in the course of radical ex- 
tirpations of malignant growths) 8 

Brachial (3 arterial, 2 arteriovenous) 5 

Radial (3 arterial) 3 

Hand (i arterial, i arteriovenous) 2 

Abdominal Aorta (i ligation, 3 wired, 3 explorations with nothing done for 

aneurysm) 7 

External Iliac and Iliofemoral (Iliofemoral — 14 arterial, 4 arteriovenous, 

external and common iliac — 3 arterial, i arteriovenous , l for injury in 
radical extirpation of femoral malignancy) 23 

Internal Iliac (4 bilateral ligations as first stage of Wertheim operation) 8 

Femoral (14 arterial, 18 arteriovenous) 32 

Femoropophteal (9 arterial, 3 arteriovenous) 12 

Popliteal (42 arterial, including arterial accessory sac in an arteriovenous 
aneurysm, 4 arteriovenous, i circular angiorraphy for myxofibroma, 

2 amputations for popliteal injury, gangrenous on admission) 49 

Tibial and Pedal (4 arterial, i arteriovenous, peroneal) 5 


Total 620 

OPERATION FOR ANEURYSMS, ANEURYSMAL LESIONS (ANGIOMATA, CIRSOIDS 


ETC ), AND WOUNDS 

Common Carotid 

35 proximal occlusions (24 arterial, ii arteriovenous) 

18 distal occlusions (all arterial) 53 

Internal Carotid (including middle cerebral) 

(4 arterial, 3 arteriovenous) 7 

External Carotid and Branches (5 arterial, 6 arteriovenous) ii 

Innominate 

6 provisional ligations (2 arterial, 4 arteriovenous) 

4 permanent ligations (all arterial) 

3 wiring (all arterial) 13 

Subclavian (29 arterial, 7 arteriovenous) 36 

Axillary (i arterial, 3 arteriovenous) 4 

Brachial (3 arterial, 2 arteriovenous) 5 

Radial (all arterial) 3 

Hand (i arterial, i arteriovenous) 2 

Abdominal Aorta (all arterial) 7 

External, Common Iliac (3 arterial, l arteriovenous) 4 

Iliofemoral (14 arterial, 4 arteriovenous) 18 

Femoral (14 arterial, 18 arteriovenous) 32 

Femoropophteal (9 arterial, 3 arteriovenous) 12 

Popliteal (44 arterial, 4 arteriovenous) 48 

Tibial and Pedal (4 arterial, i arteriovenous, peroneal) 5 
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OPERATIONS FOR CONDITIONS OTHER THAN ANEURYSMS 


Common Carotid 25 

External Carotid and Branches 321 

Axillary 4 

External Iliac i 

Internal Iliac (4 bilateral) 8 

Popliteal t 


Total 360 

RECAPITULATION 

Operations for aneurj^sms, aneurysmal lesions and wounds 260 

Operations for conditions other than aneurysms 360 

Total 620"^ 


PART II 

REGIONAL CLASSIFICATION IN DETAIL, WITH RESULTS 
SURGERY OF THE CAROTID VESSELS 

Operations upon Common Carotid (occlusions with aluminum bands, ligatures, 
sutures) for Aneurysms or Aneurysmal Conditions 
42 arterial aneurysms 24 proximal occlusions (cardiac side) 18 distal 
occlusionsf 

II arteriovenous aneurysms including 6 intracranial, carotid cavernous 

aneurysms 2 without exophthalmos, and 4 with exophthalmos S3 
Operations upon Internal Carotid (band occlusions or ligatures) 

5 arterial aneurysms, including wound of middle cerebral 

2 arteriovenous intracranial aneurysms, without exophthalmos 7 

Operations upon External Carotid and its Branches for Aneurysms or Aneurys- 
mal Conditions (ligatures) 

4 arterial aneurysms 

7 arteriovenous aneurysms, including 2 intracranial aneurysms without 
exophthalmos 


Total operations for carotid aneurysms 71 
Operations upon the Common Carotid (ligatures or band occlusions) for Non- 

aneurysmal Lesions 25 

Operations upon the External Carotid and its Branches for Conditions other than 
Aneurysms (ligatures) 

90 ligations of external carotid trunk (including 8 bilateral ligations) 

* Since this list was completed (May l, 1940), two more aneurysms have been added 
Both popliteals One a traumatic, arteriovenous , treated by excision and quadruple liga- 
ture, with complete recovery and perfect functional result, and one arterial, atheromatous 
Obliterative endo-aneurysmorraphy complicated by popliteal thrombosis Recovery, with 
amputation of foot 

T Distal occlusions chiefly on the Brasdor- Gurnard principle for innominate and 
ascending aortic aneurysms involving origin of innominate In these cases, the common 
carotid and right subclavian were ligated at the same, or more often at separate sittings, 
always beginning with the common carotid first, and applying a lemovable aluminum 
band (Matas-Allen type), to test the efficiency of the collateral circulation in the brain 
For history and technic of these bands, ref bibliography Nos 23, 25, 28, 34, 44, 83 and 97 
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34 ligations of individual branches of the external carotid in 34 of the 


above go ligations 

197 thjroid ligations prehminaiy to thyroidectomies 321 

Total carotid operations for nonaneurj smal conditions 346 
RECAPITULATION 

Total caiotid operations for aneurysms 71 

Total caiotid operations foi conditions othei than aneurysms 346 

Total carotid operations for all causes 417* 


Remarks — As shown in the pieceding tables, the occlusions of the com- 
mon caiotid (by liands 01 hgatuies) foi aneniysms amount to 53 cases In 
addition to this, there are 25 common caiotid occlusions for nonaneurysmal 
conditions, making a total of 78 common caiotid ligations for all causes If 
to these 78 common caiotid ligations we add seven ligations of the internal 
caiotid foi aneuiysm, the combined ligations of the common (78) and the 
internal caiotid (seven) will amount to a total of 85 band occlusions 01 liga- 
tions of the two mam caiotid ti links for all causes, exclusive of loi ligations 
of the external caiotid for all causes, and 231 ligations of the external carotid 
branches 


SURGERY OP THE COMMON CAROTID 

PtoMmal Occlusions 

Foi aitenal aneurysms 

20 bands, with one death from cerebral complications m four daj'sy 
4 ligations, no deaths 
For arteriovenous aneurjsms 

8 bands, with one death in nine dai's of heart complications (angina) 

(One patient with cerebial sjmptoms was rescued bj timelj lemoval of band 
and later cured bj band after long periods of compression ) 

2 transvenous sutures, with one death in six days, of angina * 

I intrasaccular suture, cured 


35 Total proximal occlusions, with two deaths Mortality 2 35, or 5 7 per cent 
Same patient 

Distal Occlusions (on the Brasdor-Gumard procedure for innominate and aortic aneu- 
rysms) all arterial 
14 bands, no operative deaths $ 

4 ligations, no operative deaths 


18 Total distal occlusions, no operative deaths 
* Ref bibliography Nos 19 (caiotids), 23, 28, 41 and 44 

t One patient died suddenly at his home, two months after band occlusion of common 
carotid, of hemorihage fiom rupture of retropharMigeal abscess causing erosion and 
infection of old aneurysmal sac 

JTwo patients died of progressive tracheal compression from aneurvsm, each about 
three weeks after distal occlusion of common carotid 

U While attempting to perform a sternal resection to expose aneur\sm, 19 days after 
distal ligation of common carotid, one patient died of larjngeal spasm, under ether 
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Operations upon the Common Carotid or Conditions other than Aneurysm 

12 bands, all with operative recovery (Two patients with cerebral symptoms 
were saved by timely removal of band ) 

8 ligations, with three deaths from cerebral complications 
5 excisions of artery with tumor, with one death from cerebral complications 

25 Total, with four deaths Mortalitj’’, 4 25, or 16 per cent 

TYPES OF OPERATION IN SURGERY OF THE COIMMON CAROTID 

Bands 

40 proximal occlusions with bands, (three deaths) 

20 for arterial aneurysms 
8 for arteriovenous aneur3’’sms 
12 for conditions other than aneurysms 

14 distal occlusions with bands, no operative deaths 54 

Ligatures 

4 proximal ligations for aneurysms, no deaths 

8 proximal ligations for conditions other than aneurysm, three deaths 

4 distal ligations, no operative deaths 16 

Suture Methods No operative deaths 

2 transvenous sutures for arteriovenous aneurj-^sms 

I intrasaccular suture for arteriovenous aneurysm 3 

Excisions 

5 for conditions other than aneurysms, one death 5 

Total 78 

SURGERY OF THE INTERNAL CAROTID ^ 

3 bands to internal carotid for arterial aneurysms 

I for aneurysm of internal carotid 

I for subclavian aneurysm (test bands), as precaution before ligating the 
innominate 

I for aneurjsm of left common carotid at bifurcation Death two days 
later, m spite of removal of band on appearance of cerebral signs, 18 
hours after occlusion 

3 ligations, one for arterial aneurysm and two for arteriovenous aneurysms, of 
internal carotid, m all of which bands to common carotid had failed to cure 
the aneurysm No deaths 

I emergency hemostatic intracranial control (middle cerebral) by forceps 
Death of preoperative hemorrhage and shock 


7 Total occlusions of internal carotid, with two deaths Mortalitj", 2 7, or 28 5 
per cent 

Remarks — In addition to the above, two arterial exti acranial aneurysms 
of the inteinal caiotid were cured by bands placed upon the common carotid, 
making in all a total of seven aneurysms of the internal carotid, of which four 
followed tonsillectomies or tonsillar abscesses 

A summary of intracianial aneurysms follows, the opeiated cases also 
appearin g previously in their respective tables 

Ref bibliography Nos 88, 91 and 97 
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INTKACRANIAl, ARTERIOVENOUS FISTULAE OP THE CAROTID TRACT‘S 

I Extracranial bands on the common carotid for intracranial arteriovenous fistulae 
without exophthalmos 2 

II Ligations of the internal carotid for intracranial arteriovenous fistulae without 
exophthalmos after failure of common carotid ligations 2 

III Extracranial bands on the common carotid for carotid-cavernous aneurysms (pul- 

sating exophthalmos) 4 

IV Previous ligations of the common caiotid for pulsating exophthalmos followed by 

relapse and ultimate cure by spontaneous thrombosis 2 

V Case of spontaneous carotid-cavernous arteriovenous aneurysm (pulsating exoph- 
thalmos) cured by spontaneous thrombosis without operation i 

VI Cases of intracranial arteriovenous communication (2 with exophthalmos, 2 
without exophthalmos), m which for various reasons no operation was per- 
formed, and treatment limited to systematic carotid compression 4 

Total (not including cases obser\ed and treated with colleagues) 15 

SURGERI OF THE EXTERNAL CAROTID AND ITS BRANCHEsf 
Operations upon the External Carotid and Its Branches for Aneurj^sms or Aneurjsmal 
Lesions 

Artciial (no deaths) 

3 ligations, I of the external carotid and 2 of the menmgea media 
I excision of arterial varix (scalp) 

Aitenovenous (no deaths) 

5 ligations, 3 for cavernous angiomata of the scalp and ear 
I obliterative endo-aneurysmorraphy 
I quadruple ligation 


II Total, all cured 

Operations upon the External Carotid and its Branches for Conditions other than 

Aneurysms (mainly malignant grows of the jaws, mouth, neck, etc ) 
go ligations with seven deaths Mortalitj , 7 90, or 7 7 per cent 
34 of the above go cases in which the branches of the external carotid -were 
separately ligated 
197 thyroid ligations 

321 Total 

Remarks — Fiom the above table it ivill be seen that I have lecorded loi 
ligations of the external carotid, of which ii were ligations for aneurysms 
and aneuiysmal conditions in the area of the external carotid distribution, all 
followed by recovery without cerebral complications 

In addition to these ii ligations, there are 90 ligations of the exteinal 
carotid for surgical conditions othei than aneur3'^sins , included in this were 
eight bilateral ligations of the external carotid preliminaiy to opeiation for 
verj'^ extensive malignant disease In the majoiity of cases the external caro- 
tid and its mam branches were ligated together with the mam trunk, 01 this, 
in a few instances, was injected with paraffin following the Dawboin pio- 

* Ref bibliography Nos 83, 88, and 97 

T Ref bibliography, No 19, aneurvsms of special arteries (carotids) 

820 



volume 112 VASCULAR SURGERY 

Number 5 

ceduie, to obtain as complete an occlusion or obliteiation of the external 
carotid tiact as possible 

These 90 ligations of the external caiotid weie followed in nine cases by 
postopeiative complications uhicli proved fatal in seven patients The post- 
operative complications are classified as follows Cerebial, five, pulmonaiy, 
three, cardiopulmonaiy, with a question mark (supposed to have been cere- 
bral, but autopsy proved negative for ceiebral lesions), one 

Of the five cases m which the cerebial complications (stupoi, contia- 
lateral hemiplegia, aphasia, coma) followed the ligation of the external caro- 
tid, three pioved fatal and two lecoveied But of these five cases of cerebial 
complications, only thiee can be cleaily and positively attributed to the liga- 
tion of the external carotid In the othei two, one of the patients (age 55, 
resection of right upper jaw for sarcoma) had undergone the ligation of the 
external caiotid without cerebial distuibances until the ninth day, when 
secondary hemoirhage compelled the ligation of the common caiotid by the 
resident house surgeon This was followed pioinptly by stupor, hemiplegia 
and aphasia from which the patient finally recovered, with seeming cure also 
of the disease The othei patient (age 44, bilateial ligation of the external 
carotid preliminary to excision of the tongue for extensive carcinoma with 
multiple, diftuse, secondary lymph node metastases m the subinaxillary le- 
gions and neck) was operated upon 111 two stages The last opeiation on 
the nodes was followed by aphasia and other signs of a right-sided block of 
the internal carotid, two weeks after the bilateial ligation of the external 
The ceiebral signs coincided with a purulent infection in the subinaxillary 
wound Despite this, the patient gradually recovered from the operation, the 
brain symptoms clearing completely after a few months The patient died 
nevertheless, thiee years later, from generalized ceivical and mediastinal 
metastases 

It would seem from this, that our experience in the ligation of the external 
carotid for nonaneurysmal causes w^ere follow^ed by cerebral complications 111 
three cases, two of rvhich proved fatal, thus establishing an incidence of ceie- 
bral complications in the nonaneuiysmal group of 3 90, or 3 3 per cent, and a 
fatality of 2 90 or 22 per cent, or a death late of 2 3, or 66 6 per cent of 
the brain complications 

If the II ligations for aneurysmal conditions are added to the 90 ligations 
for nonaneurysmal causes, equaling m all a total of loi ligations, the incidence 
of the cerebral complications after this special ligation would be reduced to 
2 97 per cent, and the mortality from cerebral complications wmuld be reduced 
to I 99 per cent 

From this we gather that the ligation of the external carotid must con- 
tinue to be regarded as a relatively benign ligation, especially wdien compared 
with the dangers of the internal and common carotid ligations None the 
less, an incidence of 3 per cent cerebral complications makes us regard the 
hgation of the external carotid as an added risk to whatever other dangers 
may be inherent m the operation for which the ligation is performed, and 
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this risk, minimal as it is, must weigh against the benefits that are expected 
to acciue from the ligation I would sa)'^ that, peisonall}, I Avould not allow 
this possible iisk to outweigh the positive and, undoubtedly, great hemostatic 
advantages that the pielimmary ligation of the external carotid affords in 
controlling the vascular areas involved in the field supplied by these arteries 

Dangc] of Thionibus at the Bifin cation — When the first death from a 
piehminaiy ligation of the external carotid (ligation of the external caiotid 
preliminar}' to excision of the second and third divisions of the tngeminus 
at the basal foramina, emplo3nng Mixter’s modification of Salzer s method) 
occuiied in my practice m 1893, ^ veij^ much impressed with the dangei 
of a ligation close to the bifurcation, and believed that a thrombus, starting 
at the ligation and extending to the bifui cation, wmuld in all probability break 
off at the tip to be sw ept aw ay to the brain by the force of the carotid stream 
I still believe this is possible, and perhaps probable, as long as the internal 
caiotid IS peivious Once the internal carotid is firmlj^ plugged b}" the clot, 
the possibility of embolism ceases as the arteiial pressure wull drop beyond 
the obstruction, and the carotid stieam will be leversed from the brain to the 
seat of the obstruction making it impossible for any emboli to float to the 
ciicle of ^^hllIS, though it is possible, as has been demonstiated by postmortem 
evidence, that a thrombus or clot may extend all the w'ay from the bifurcation 
(after internal caiotid ligations) to the level of the ca\einous sinus in the 
internal caiotid 

After my fiist experience I ahva3's ligated the external carotid as far as 
possible from the bifiii cation, consistentl3'^ with the hemostatic or denutrient 
puipose of the ligation When the supeiior thyroid originated close to the 
bifurcation, I ligated the thyioid at its oiigin and the external caiotid beyond 
this point The ver3' frequent anomalies m the origin of the anterior and 
ascending branches of the external caiotid compelled ^allatIons m the ligation 
of the patent tiunk and its blanches m m3' efforts to keep at a lespectable 
distance from the bifui cation M3' experience shows that, despite these an- 
atomic precautions, ceiebral ischemia 11133' occur w'lth or without a detached 
embolus None the less, it is rational to ligate as fai as possible be3'ond the 
bifui cation In any case, it w'ould seem that the thrombus must precede the 
embolus, if this is eAei detached, before the inteinal carotid has been com- 
pletely plugged 


SURGERY OF THE INNOMINATE'^ 

6 provisional ligations for hemostatic control during operations for subclaMan 
aneurvsms (no deaths) 

2 arterial 
4 arteriovenous 

4 permanent occlusions of the innominate with bands or ligatures (3 bands, i liga- 
tion, all arterial) 

There were two deaths, one from pulmonarj complications and hemorrhage on 

* Ref bibliographj Nos ig (section on aneur\sms of special arteries, innominate), 
71 and 83 


822 



olume 112 
> umber 5 


VASCULAR SURGERY 


the sixth day after band occlusion, another (hgation) from consecutive sec- 
ondary hemonhage and cerebral complications from infected gunshot wound of 
the carotid 

3 innominate aneur3'^sms wured with Colt’s apparatus, wuth notable effect on the 
aneurysms and marked symptomatic relief In these cases wuring follow'ed distal 
ligation of the common caiotid and third right subclavian as a precaution against 
cerebral embolism 


13 Total, with tw'o deaths Moitality, 2 13, or 153 per cent 

SURGERY OF THE SUBCLAVIAN'’’ 

Operations upon the Subclavians for Arterial Aneurysms (no deaths) 

12 proximal bands or ligations for subclavian aneurysms 
Right subclavian, 3 bands, 2 ligations 
Left subclavian, 3 bands, 4 ligations 

2 ligations of third subclavian for axillary traumatic (pulsating) hematomata 
Right subclavian, cured 

Left subclavian, died of preoperative shock and hemorrhage 
II distal occlusions of the third subclavian for innominate and aortic aneuiysms, 8 
bands, 3 ligations (no deaths) 

Operations upon the Subclavians for Wounds 
2 for subclavian wounds 

I clamping for wmund of inferior thyioid in extirpating metastatic caicmoma of 
the larynx and thyroid (Died third day fiom shock, surgical anemia and 
hypostatic pneumonia ) 

I excision of cervical nb and segment of blocked artery for thrombotic occlu- 
sion of left subclavian artery 
2 for w'ounds of subclavian branches 

I traumatic (bullet w'ound) aneurysm of vertebral arteiy, direct intervention by 
aneurysmotomy and packing veitebral canal, cured 
I emergency hemostasis of internal mammary (w'lth clamp) foi stab wound of 
internal mammary causing fatal hemothorax, died 


29 Total operations on subclavian arteij’’ and branches, three deaths Mortality, 3 29, 
or 6 9 per cent 

Opeiations upon the Subclavians for Arteriovenous Aneuijsms 

6 direct operations 

Right subclavian, 4 ligations, no deaths In one of these, the dilated subclavian 
artery w'as ligated to control an arteriovenous angioma of the arm 
Left subclavian, i band and i transvenous suture, no deaths 
I hgation of thyroid axis and branches for arteriovenous aneuijsm after provisional 
ligation of innominate, cured 

7 Total operations upon the subclavian for aiteriovenous aneurysms, no deaths 

RECAPITULATION 

29 operations upon subclavians, arterial 
7 operations upon subclavians, arteriovenous 

36 Total subclavian operations, wnth three deaths Alortalitj, 3 36, or 82 
per cent 

* Ref bibliography Nos 8, 19, 62 and 78 
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SUBGERY OF AXILLARY VESSELS’*' 

Axillary Surgery for Arterial Aneurysm 

I axillary arterial aneurysm was cured by double ligation of the artery at the seat of 
injury (In two others the third subclavian was ligated ) 

Axillary Surgery for Arteriovenous Aneurysms 

3 axillary arteriovenous aneurysms were cured, two by transvenous suture and one 

by quadruple ligation with excision 
Axillary Surgery for Conditions other than Aneurysms 

4 injuries in the course of radical extirpation of malignant growths 

2 ligations 
I circular suture 
I lateral suture 


8 Total, no deaths 

SURGERY FOR ANEURYSMS OF THE BRACHIAL AND ITS BRANCHES, INCLUDING 
ANEURISMS AND WOUNDS OF THE IIANOf 

Brachial Aneurysms 
3 arterial, all cured 

1 intrasaccular suture 

2 obliterative endo-aneurysmorraphies 
2 arteriovenous, all cured 

I transvenous suture 
I quadruple ligation 


5 Total, no deaths 

Note One brachial, not operated upon, was spontaneously cured 
Radial Aneurysms 

3 arterial, all cured 

1 obliterative endo-aneurvsmorraphy 

2 restorative endo-aneurysmorraphies 


3 Total, no deaths 

Aneurysms and Wounds of the Hand 

I arteriovenous cavernous angioma of the hand, cured bv excision 
I arteriovenous wound cured by occlusion with clamp 


2 Total, no deaths 


SURGERY OF THE ABDOMINAL AORTA 

I pathogenic (nonsyphihtic) in white male, age 23, involving abdominal aorta in proximity 
to celiac axis Treated by various methods including cehotomj and peritoneal isola- 
tion of sac, secondary wiring and electrolysis (Moore-Corradi method) Temporary 
improvement Death from subpentoneal rupture 54 days after operation t 
I colored female, age 28, syphilitic, ruptured aneurysm of the bifurcation, including both 
common iliac arteries, ligation of abdominal aorta with double cotton tape ligatures 
Death from fulminating pulmonary hemorrhage, one year, five months and nine days 
after the ligation , with aneurysm chnicallj and anatomically cured 

Ref bibliography Nos 19, 41, and 44 
t Ref bibliography Nos i, S, 32, 52 and 55 
t For discussion ref bibliography Nos 7, 9, 19 and 29 
H Ref bibliography Nos 53, 62 and 104 
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2 abdominal aortic aneurysms treated by exploratory celiotomy and Colt’s wire wisps, all 
operative reco\ eries with seeming temporary improvement * 

1 exploratorj" celiotom}’-, aneurysm in upper aorta exposed, no safe place could be exposed 

to wire Abdomen closed without wiring Death 25 hours after operation from rup- 
ture of the sac and fulminating hemorrhage into left pleural cavity '' 

2 exploratory celiotomies for suspected aortic aneurysms , no aneurysms found , other 

pathology co’^rected, patient cured ^ 

7 Total, no deaths attributable to operation 

SURGERY OF THE EXTERNAL, COMMON AND INTERNAL ILIACSf 
Arterial Aneurysms 

1 obliterative endo-aneurj smorraph}', aneurysm involving the common and external 

lilacs, cured 

2 bands to external iliac for aneurysms of the external iliac, both cured 


3 Total, no deaths 

Note A case of bilateral aneurysms of the common iliac was cured by ligation of the 
abdominal aorta, and is tabulated under abdominal aorta 
Arteriovenous Aneurj^sm 

I transvenous suture for aneurysm of external iliac, died on third day after operation, 
from gangrene of a loop of ileum 
Conditions other than Aneurysms 

I iliac ligation and resection for femoral tubercular adenitis Gangrene of foot and 
leg on third daj , amputation , death four weeks after operation, following gradual 
decline 

8 (4 bilateral) ligations of internal iliac as prophylactic hemostatic as first step of a 
Wertheim operation for malignancy of uterus, all operative recoveries 


13 Total, with two deaths Mortality, 2 13, or 15 3 per cent 

SURGERY FOR ILIOFEMORAL ANEURYSMS { 

Iliofemoral Arterial Aneurysms 

12 bands to external iliac (one relapse cured b}" obliterative endo-aneurysmorraphy), 
all cured 

I obliterative endo-aneurysmorraphy (following relapse from band), cured 

1 ligation of external iliac, died on seventh day from surgical anemia and exhaustion 

14 Total, with one death 
Iliofemoral Arteriovenous Aneurj^sms 

2 transvenous sutures, one cured, one died 

I ligation of common iliac, attempted quadruple ligation, died 
I quadruple ligation, cured 

4 Total, two deaths 

18 Total iliofemoral aneurysms operated upon, with three deaths Mortalit}', 3 18, 
or 16 6 per cent 

* The details of these cases are given m the author’s tables of individual records, 
preiiously referred to 

iRef bibhograph}’- Nos 19 (special aneurysms), 28, 41, 49 and 83 
t Ref bibliography Nos 32, 34, 40, 44 and 45 
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FEMORAL SURGERi 

Femoral Arterial Aneurysms 

g obliterative endo-aneurysmorraphies, all cured 

1 reconstructive endo-aneurysmorraphy, cured 

2 ligations in wound, no sac, both cured 

2 intrasaccular ligations (in sac), both cured 


14 Total, no deaths 
Femoral Arteriovenous Aneurysms 
9 restorative operations 

4 by detachment of anastomosis and preservation of both vessels b) lateral 
angiorraphy, all cured 

1 by transvenous closure of fistula (transvenous arteriorraphy) with preservation 

of both artery and vein (in large varicose sac), cured 
4 by transvenous closure of fistula with preservation of artery and sacrifice of 
vein, all cured 
8 obliterative operations 

2 obliterative endo-aneurj smorraphies by suture of all openings in a common sac, 

both cured 

6 quadruple ligations, with division of the vessels at the anastomosis, all cured 
I irregular emergency procedure — hemostasis bj hemostats left in situ, patient died 


18 Total, one death, or 5 55 per cent mortahtj 

32 operations for femoral aneurysms, with one death Alortahty, i 32 or 3 i per cent 

FEMOROPOPHTEAL SURGEBl 
Femoropopliteal Arterial Aneurysms 

7 obliterative endo-aneurysmorraphies, all cured 
I reconstructive endo-aneurysmorraphj, cured 

I intrasaccular ligation (in sac) — died 24 hours following operation from preopera- 
tive anemia, shock and exhaustion, despite prelimmarj' intravenous infusion and 
continued infusion during the operation 


9 Total, one death Mortality, r 9, or ii i per cent 
Femoropopliteal Arteriovenous Aneurv'sms 
3 obliterative operations 

2 obliterative endo-aneurysmorraphies, by suture of all openings in a common 
sac, cured 

I quadruple ligation, with division of the vessels at the anastomosis, cured 


3 Total, no deaths 

12 femoropoplitical aneurysms operated upon, with one death ^Mortality, i 12, or 
833 per cent 


POPLITEAL SURGERYf 

Popliteal Arterial Aneurvsms 

37 obliterative endo-aneurysmorraphies, 35 cured, two died 

1 restorative endo-aneurysmorraphy, cured 

2 reconstructive endo-aneurysmorraphies, both cured 
2 cured by mechanical compression 

42 Total, tw'o deaths Mortality, 2 42, or 4 76 per cent 

* Ref bibhographj Nos 19, 32, 35. 41, 47 and 48 
T Ref bibihography Nos 19, 32, 41, 47 and 48 
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Popliteal Arterial Injuries 

2 amputations for popliteal injuries, gangrenous on admission Recovery 
Popliteal Arteriovenous Aneurysms 

3 quadruple ligations, with partial excision of sac, all cured 
I obliteratn e transvenous endo-aneurysniorraphy, cured 


4 Total, no deaths 
Conditions other than Aneurysms 

I bivascular circular angiorraphy following excision of popliteal vessels for myxo- 
sarcoma, complicated by thrombosis at anastomosis , final recovery with amputa- 
tion SIX months after bivascular anastomosis 


49 Total operations upon popliteal vessels, with two deaths Mortality, 2 49, or 4 0 
per cent 

TIBIAL AND PEDAL SURGERY'* 

Tibial and Pedal Arterial Aneurysms 

2 restorative endo-aneur} smorraphies 
I tibial, cured 
I dorsalis pedis, cured 

I obliterative endo-aneurysmorraphy High bivascular, tibial, cured 
I reconstructive endo-aneurysmorraphi , tibial, cured 
Peroneal Arteriovenous Aneurjsm 

I restoratue endo-aneurysmorraphy, cured 


5 Total, no deaths 

Note There were no deaths and no gangrene in this group Suture methods were em- 
ploj ed in all , there were no ligations except in two other tibial wounds not included in 
the above cases — cases of fresh tibial wounds, both healing perfectly 

PART III 

SUMMARY OF PROCEDURES EMPLOYED BY DOCTOR MATAS IN SIX HUNDRED AND 
TWENTY OPERATIONS UPON THE BLOOD VESSELS, FOR ALL CAUSES, FROM 

1888-1940 

Suture Ivlethods 

68 obliterative endo-aneurysmorraphies (for aneurysms) 

25 restoratue endo-aneurysmorraphies (for aneurysms) 

5 reconstructu e endo-aneurysmorraphies (for aneurysms) 

1 circular angiorraphj (popliteal), following excision for myxosarcoma 

2 sutures of axillary wounds (radical extirpation of malignancies) 

loi Total operations by suture methods, for all causes 
Occlusions w'lth Bands, Ligatures, and other Methods 

89 bands (77 for aneurysms, 12 for conditions other than aneurysms) 

402 ligations 

47 single ligations for aneurysms 
15 quadruple ligations for arteriovenous aneurysms 
340 for conditions other than aneurj'sms 
8 excisions (three for aneurysms, five for conditions other than aneurysms) 

6 wirings for aneurj’-sms 

3 explorato ry celiotomies, for aneurysms, no wiring 
* Ref bibliography No 52 
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5 clampings for aneurysms and wounds 

I aneurysmotomy and plugging orifices of wounded artery in vertebral canal for 
aneurysm 

1 intrasaccular ligation for aneurysm 

2 mechanical compressions (popliteal) 

2 amputations for popliteal injuries, gangrenous on admission 


519 Total occlusion with bands, ligatures, and other methods for all causes 

RECAPITULATION 
loi operations by suture methods 

519 operations by methods of ligation (including aluminum bands) 

620 Total operations 

PROCEDURES EMPLOYED BY DOCTOR MATAS IN SIX HUNDRED AND TWENTY 
OPERATIONS UPON THE BLOOD VESSELS, FOR ALL CAUSES, EROIM 1888-1940 

SUTURE METHODS 

68 Obliterative Endo-aneurysmorraphies (Matas), All foi Aneurjsms 
Arterial 

3 brachial, cured 
I radial, cured 

I external iliac and common iliac, cuied 

I iliofemoral, cured following relapse six months after band to external iliac 
II femoral, cured 
7 femoropopliteal, all cured 

37 popliteal (lo high popliteal, all cured, 20 midpopliteal, iS cured, two died, 
seven low popliteal, all cured) 

I tibial, high bivascular, cured 
Arteriovenous 

I common carotid, cured with preservation of artery and sacrifice of vein 

1 left temporal branch of external carotid, cured 

2 femoral, all openings sutured in a common sac, both cured 
2 femoropopliteal, cured 

68 Total, with two deaths Mortality, 2 68, or 2 9 per cent 
30 Restorative Operations, All for Aneurysms 

5 reconstructive endo-aneurysmorraphies (all arterial) 

I femoral, cured 

1 femoropopliteal, cured 

2 popliteal, both cured 

1 tibial, cured 

10 restorative endo-aneurysmorraphies (Matas) 

Arterial 

2 radial, cured 

I popliteal, cured 
I tibial, cured 
I dorsalis pedis, cured 
Arteriovenous 

4 femoral, all cured (Detachment of anastomosis and preservation of both 
vessels by lateral angiorraphy ) 

I peroneal, cured 

13 restorative endo-aneurysmorraphies (Matas-Bickham operation by transvenous 
suture) 
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2 common caiotid, with preservation of artery and sacrifice of vein One 
cured One case, transvenous suture following relapse from band to 
common carotid, sudden death in one week of preexisting coronary 
disease 

1 left subclavian, cured , with preservation of artery and sacrifice of vein 

2 axillar}-^, both cured , with preservation of artery and sacrifice of vein 
I brachial, cured , with preservation of artery and sacrifice of vein 

1 external iliac , preservation of both artery and vein Died from thrombosis 

of mesentery 

2 iliofemoral , preservation of both artery and vein One cured , one died on 

eighth day of erysipelas and fatal septic, thrombophlebitic pyemia 
5 femoral, all cured, one with preservation of both artery and vein, and 
four with preservation of artery and sacrifice of vein 
I popliteal, cured 

30 Total, with three deaths Mortality, 3 30, or 10 per cent 

1 bivascular circular angiorraphy (popliteal), following excision for myxosarcoma 

Recover} 

2 sutures of axillary wounds (injuries in the course of radical extirpations of malignant 

growths) Reco^ery 


RECAPITULATION 
SUTURE METHODS 

68 endo-aneur} smorraphies, obhteratives , with two deaths 
25 restorative endo-aneurj smorraphies , w'lth three deaths 
5 reconstructive endo-aneurj smorraphies , all cured 

1 bivascular circular angiorraphy, with recovery 

2 sutures of axillary wounds, wuth recover} 


loi Total, with five deaths Mortality, 5 loi, or 4 9 per cent 

RECAPITULATION ENDO-ANERYSMORRAPHIES 

g8 Total Endo-aneurysmorraphies 

68 obliterative , 68 98, or 69 22 per cent 
25 restorative , 25 98, or 26 52 per cent 

5 reconstructive , 5 g8, or 5 10 per cent 

98 Total endo-aneurysmorraphies, w'lth five deaths 
Remarks If w'e subtract three deaths due to extrinsic causes (one from coronary disease, 
one from thrombosis of mesentery, and one from erj'sipelas) w^e have a mortality of 2 98, 
or 2 4 per cent 

OCCLUSIONS AVITH BANDS, LIGATURES, AND OTHER METHODS 
89 Occlusions W'lth Bands 

68 bands for arterial aneurysms 

20 proximal common carotid, Avith one death 
14 distal common carotid, with no operative deaths 
3 internal carotid, one death 
3 innominate, one death 

6 proximal subclavian, no deaths 
8 distal subclavian, no deaths 

14 external iliac and iliofemoral, no deaths 
9 bands for arteriovenous aneurysms 
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8 common carotid, no deaths (One death followed a second operation, trans- 
venous suture, but was caused by preexisting coronary disease ) 

I subclavian, cured 

12 bands for conditions other than aneurysm, no deaths 
12 common carotid 


8 g Total band occlusions, with three deaths Mortality, 3 89, or 33 per cent 
402 Occlusions with Ligatures 
62 ligations for aneurysms 

Arterial (single ligatures— silk, catgut, tendon, cotton tape) 

4 proximal common carotid, no deaths 

4 distal common carotid, no deaths 

1 internal carotid, cured 

3 external carotid (two meningea media), all cured 

2 provisional innominate ligations, no deaths 

1 permanent innominate ligation, with death from consecutive secondary 
hemorrhage and cerebral complications from infected gunshot wound of 
the carotid 
II subclavian 

6 proximal, tw'o right, four left, all cured 

2 third subclavian for axillar}' traumatic (pulsating) hematomata, one 

right, cured, one left, died of preoperative hemorrhage and shock 

3 distal, no deaths 
I axillary, cured 

I abdominal aorta, cured 

1 external iliac, died on seventh da\ from surgical anemia and exhaustion 

2 femoral ligations in w'ounds, no sac, cured 
Arteriovenous (single ligatures) 

2 internal carotid, cured 

5 external carotid (three for cavernous angiomata of the scalp and ear) 

all cured 

4 provisional innominate, no deaths 

5 subclavian 

4 right, cured 

I thyroid axis and branches, cured 
Arteriovenous (quadruple ligatures) 

I external carotid, cured 
I axillarj, cured 

1 brachial, cured 

2 iliofemoral, one cured, one attempted quadruple ligature, died same day 

of hemorrhage and shock 

6 femoral, all cured 

I femoropopliteal, cured 

3 popliteal, with partial excision of sac, all cured 

62 Total ligations for aneurysms, w'lth four deaths Mortality, 4 62, or 64 
per cent 

340 Ligations for Conditions other than Aneursym 

8 proximal ligations of the common carotid, mainl} for malignant grow'ths 
Three deaths from cerebral complications 
90 ligations of the external carotid, mainly for malignant growths with seven 
deaths (cerebral, three, pulmonary, three, cardiopulmonarj , with a question 
mark, one) 

34 ligations of branches separately ligated at time of external carotid ligation 
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197 ligations of thyroid arteries, either as a preliminary to operation or in the 
course of operation for thyroid disease (One death from laryngeal spasm ) 

2 ligations of axillary arteries for injuries during the course of radical extirpa- 
tion of malignant growths Recovery 

1 iliac ligation for tuberculous adenitis , thrombotic occlusion , gangrene of leg , 

amputation, final death four weeks after ligation 
8 ligations of internal iliac in four bilateral ligations as a prophylactic hemostatic, 
as first step of a Wertheim operation for jnalignancy of uterus No deaths 

340 Total ligations for conditions other than aneurysms, twelve deaths Mortality 
12 340, or 3 s per cent 

402 total ligations for all causes, with sixteen deaths Mortality, i6 402, or 39 
per cent 

8 excisions or extirpations 
Arterial 

I extemal carotid, excision of arterial varix, cured 

I subclavian, excision of cervical rib for thrombotic occlusion and of blocked 
segment of left subclavian, cured 
Arteriovenous 

I excision of cavernous (arteriovenous) metastatic angioma of chest, cured 
Conditions other than aneurysm 

5 excisions of common carotid with tumor , four recovered, one died 
6 Wiring 

Arterial aneurysms 

3 innominate-aortic, recovered from operation with variable periods of im- 
provement and survival 

3 abdominal-aortic, recovered from operation with variable peiiods of im- 
provement and survival 

3 exploratory celiotomies for abdominal aneurysms (no wiring) 

2 cases, other pathology found and cured 

I (no safe place to wire) patient died in 25 hours from rupture of aneurysm 
5 clamping 

Arterial wounds 

1 wound of inferior thyroid, emergency hemostasis by clamping subclavian, 
died third day from shock, surgical anemia and hypostatic pneumonia 
I emergency hemostasis of internal mammary (with clamp) for stab wound 
causing fatal hemothorax 

I intracranial control by forceps of middle cerebral for gunshot wound , death 
from preoperative hemorrhage and shock 
Arteriovenous wounds 

I wound of palmar arch, cured by occlusion with clamp 
I wound of femoral vessels, hemostats (clamps) left vi situ , death 
I aneurysmotomy and plugging orifices of bleeding artery in vertebral canal 
I aneurysm of vertebral artery, cured 

1 mtrasaccular ligation (in sac) 

1 femoropophteal Died 24 hours following mtrasaccular ligation from preopera- 

tive anemia, shock and exhaustion, despite preliminary intravenous infusion 
and continued infusion during the operation 

2 mechanical compression 

2 popliteal aneurysms cured by proximal mechanical compression 
2 amputations 

2 amputations for popliteal artet^-^ injuries , gangrenous on admission Both re- 
covered, with aneurysm cured 
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RECAPITULATION 

METHODS OF OCCLUSION, INCLUDING LIGATURE, BANDS AND CLAMPS 

89 bands, three deaths 
402 ligations, 16 deaths 

8 excisions of aneurysms and segments of vessels, one death 
6 wirings for arterial aneurysms, no operative deaths 
3 exploratory celiotomies for aortic aneurysms, no operative deaths 
S clampings, four deaths — emergency hemostasis of large arteries 
I aneurysmotomy and plugging bleeding orifices of vertebral aneurysm, cured 

1 intrasaccular ligation, died (Annandale procedure ) 

2 mechanical compressions for aneurj sm, cured (Matas’ calipers compressor) 
2 amputations for ruptured popliteal aneurysm — gangrene before operation, no 

deaths 


519 Total occlusions, with 25 deaths Mortality 25 519, or 4 81 per cent 

loi operations by methods of suture, five deaths Mortality 5 loi, or 4 9 per cent 

GRAND TOTAL 

620 operations, 30 deaths Mortality 30 620, or 4 83 pei cent 

CHRONOLOGIC BIBLIOGRAPHY 
OF 
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BY 

RUDOLPH MATAS, M D , 1888-1940 
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1891 — Clinical Report on Intravenous Saline Infusion in the Qiarity Hospital, from 
June, 1888-1891 New Orleans Med and Surg Jour, 19, 1-33, 81-93, 1891 
(Record of first intravenous infusion for shock and hemorrhage in New Orleans ) 

1892 — Large Cavernous Angioma Involving the Integument of an Entire Auricle 
Successfully Treated by Preliminary Ligation of the External Carotid Dissection, 
Free Resection of the Angiomatous Tissue and Ligation of the Afferent Trunks, in 
situ, by a Special Method of Hemostasis Med News, Phila, 61, 701-705, 1892 

1893 — Traumatism and Traumatic Aneurysms of the Vertebral Artery and their 
Surgical Treatment, with Report of a Cured Case (Tables, illus ) Address before 
Post-graduate School of Medicine, Chicago (1892) Annals of Surger\, 18, 
477-521, 1893, Abst No Am Practitioner, 5, 503, 1893 Trans Pan-Amer Med 
Congress, i, 624, Washington, 1895 

i8q 4 — Notes on Cases Illustrating Surgical Lesions of the Vascular System New 
Orleans Med and Surg Jour , 22, 241-265, 1894 

i8q 7 — Arterial Varix of the Lower Lip, Involving the Coronary Branches of the Facial 
Artery Extirpation under Cocaine Anesthesia Med News, Phila, 71, 207-208, 
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jgoo — ^Treatment of Abdominal Aortic Aneurysm by Wiring and Electrolvsis Critical 
Study of the Moore-Corradi Method Based upon the Latest anneal Data Trans 
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Author Trans Am Surg Assn, 19, 237-304, 1901, J A M A , 38, 103-107, 175- 
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9 igoi— Treatment of Aortic Aneurysm by Wiring and Electrolysis Trans Am Surg 
Assn, ig, 374, 1901 (Discussion following Dr Leonard Freeman’s paper) 

10 igo2— Operation for the Radical Cure of Aneurysm , Based upon Arteriorraphy (illus ) 

Trans Am Surg Assn, 20, 396-434 , 1902 Annals of Surgerv, 37, 161-196, 
igo3 (This is the first sistematic description of the author’s operation of endo- 
aneurysmorraphy ) 

11 igo2— Remarks on the Surgical Treatment of Aneuiysms Proc Orleans Parish Med 

Soc , 97, 1902 

12 igo5— The Suture in the Surgerj of the Vascular System Address before the Alabama 

State Medical Society Proc Ala State Med Soc , 243-270, 1905 

12 1905— Further Experience in the Radical Operation for the Cure of Aneurysm (By 
the author’s method of mti asaccular suture (endo-aneurysmorraphy) Trans Am 
Surg Assn , 23, 323-388, 1905 

1-1 1906— Radical Cure of Aneurysm Present Status of the Method of Intrasaccular 
Suture (Endo-aneur3'smorraphy) Trans AM A, Surg Sect, Boston, 1906, 
JAMA, 47, 990-998, igo6 

15 igo7 — Pulmonarj Embolism Trendelenburg s Procedure (Discussion at the meeting 
of South Surg and Gynec Assn, December 1907, Trans, pp 373-376, following 
paper of Doctors Bartlett and Thompson on “Mechanism and Clinic of Pulmonary 
Embolism ’’) 

1908 — ^Recent Advances in the Technic of Thoracotomy and Pericardiotomy for Wounds 
of the Heart (Remarks introductory to a series of demonstrations on the cadaver 
with the stereopticon at the meeting of the South Surg and Gynec Assn , Dec , 
1907 Trans, 20, 175-186, South Med Jour, i, 75-81, 1908) 

1908 — Statistics of Endo-aneurj smorraphy or the Radical Cure of Aneurysm by Intra- 
saccular Suture JAMA, 51, 1667-1671, 1908 Chairman’s Address, Surgical 
Section, Chicago, 1908 

1909 — Spontaneous Thrombosis of Cavernous Sinus Followed by Marked Improvement, 
in an Aggravated Pulsating Exophthalmos and Cirsoid Aneurysm of 18 Years’ 
Standing New Orleans M and S Jour, 61, 739-742, 1909 

1909 — Surgery of the Vascular Sj'stcm A Treatise Embodied in Keen’s Surgery 5, 
Chap 70, 1-350, 1909 (illus) Saunders and Co, Philadelphia (This treatise 
discusses comprehensive!} , the surgerv of the pericardium and heart , the diseases 
and injuries of the arteries, suture of arteries, veins, diseases and injuries, hemor- 
rhage , the hemorrhagic diseases and their treatment , arterial aneurysms , arterio- 
venous aneurysms , and aneurysms of special arteries ) 

1910 — Aids to Conservatism in Determining the Line of Amputation after Crushing and 
Other Alutilating Injuries of the Limbs (Hyperemia Reaction) The Military Sur- 
geon, Chicago, 17, 131-145, 1910 

1910— Momburg’s Method of Circular Elastic Aortic Compression (The author’s 
original experiments and observations, with Dr John Smyth and Staff ) Discus- 
sion, Trans Am Surg Assn , 28, 622-623, 1910 

-2 1910— Omentopexy for Portal Obstruction (Narath’s Operation) Trans South 
Surg and Gynec Assn, 23, 237, 1910 

1910 — Some of the Problems Related to the Surgery of the Vascular System Testing 
the Efficiency of the Collateral Circulation as a Preliminary to the Occlusion of 
the Great Surgical Arteries President’s Address, Am Surg Assn Trans Am 
Surg Assn , 28, 4—54) (illus ) (In this the author’s original experiments and 
methods are fully described ) Annals of Surgery, 53> ^~ 43 > January, 1911 

X910— Discussion on Bone Aneurysms (Following reading of Dr Bloodgood’s paper 
on this subject) Trans Am Surg Assn, 32, 187, 1910 

1910— Tests to Determine the Efficiency of the Collateral Circulation (Discussion 
before American Surgical Association, 1910 ) Annals or Surgery, 52, 126-130 
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1911 — Foreign Bodies in the Pericardium and Heart, and Wounds of the Coronary 
Arteries (in Spanish) Chnica Modeina Zaragoza, lo, 411-418, 1911 Translated 
by Dr R Lozano 

-"1911 — Angiomata Blood Vessel Tumois Sajous’ Cic Med Sc, 7th ed 2, 502-546, 
1911 (illus ) FA Davis, Phila 

-® 1911 — Occlusion of the Large Surgical Arteries with Removable Bands (Afetallic) 
to Test the Efficiencj of the Collateral Circulation (with Dr C A Allen) 
JAMA, 56, 232-239 (illus ) 

1911 — Wiring of Aneurjsms (Discussion of Dr Kirschner's paper on the ‘ Alatas 
Operation”) Trans South Surg and Gjnec Assn 24, 274-277, 1911 

1913 — Practicability of Reducing the Caliber of the Thoracic Aorta bj" Plication or In- 
folding of its Walls (with Dr C A Allen) (An evperimental research ) A^^Als 
or Surgery, 58, 304-319, 1913 (illus) Trans Am Surg Assn, 31, 193-217, 

1913 

1913 — Surgery of the Arterial Svstcm Abst Proc Internat Med Cong , London, 
August, 1913 JAMA, 61, 800, 1913 

1913 — The Suture as Applied to the Surgical Cure of Aneurjsm Trans 17th Internat 
Med Cong, London Sect 7, pt 2, 149-172, 1913 (Copioush illustrated with 
lantern slides) With remarks in closing the discussion 

1913 — Progress m the Surgerj of the Vascular S\stem Railwav Surgeon, Chicago, 
20, 136-139, 1913 

1914 — Testing the Efficiencj of the Collateral Circulation as a Preliminary to the 
Occlusion of the Great Surgical Arteries JAMA, 63, 1446-1447, 1914 Trans 
AM A, Surg Sect, 366-412, 1914 (Critical re\iew’ of progress) 

1914 — Vascular Clinic Case Reports 

(1) Traumatic Arteriovenous Aneur\sm of the Femoral Vessels at the Groin, 
Detachment and Separate Suture of the Vessels — Recoaeo 

(2) Thrombotic Occlusion of Right Common Iliac Vein at about the Bifurcation 
of the Inferior Vena Cava 

(3) Specimens of Anterior and Posterior Tibial Arteries in Diabetic Gangrene 
(Proc Touro Clinical Societj ) New' Orleans AI and S Jour, 66, 736-748, 1914 

1915 — Present Status of the Operation of Endo-aneurjsmorraphj (Remarks in dis- 
cussion of the paper by Dr H B Gessner ) New’ Orleans M and S Jour , 67, 
603-607, 1915 

1916 — Principles Governing the Surgical Treatment of Aneurjsms (flutter Lecture) 
Philadelphia, 1916 (Statistical and critical review' of the \ascular surger^ of the 
World War, 1914-1916, chief data embodied m “MihtarA Surgerj of the Vascular 
Sjstem” Supplementarj , 7, Keen’s Surgery, 1921 ) 

1916 — Aneurysms of the heart (illus ) Proc Touro Clinical Societj', Januarj, 1916 
(unpublished) 

1919 — Endo-aneurysmorraphy I Statistics of the Operation II Personal Experience 
and Observations on the Treatment of Artenoaenous Aneurjsms bj the Intrasac- 
cular Method of Suture With Special Reference to the Transvenous Route Trans 
So Surg Assn , 32, 447-450 , 451-489, 1919 

1920 — Endo-aneurysmorraphy Statistics of the Operation Personal Experience and 
Observations Surg, Gjnec and Obstet , 30, 547-549, 1920 (with remarks on 
nomenclature) 

1920 — Some Experiences and Observations on the Treatment of Arteriovenous 
Aneurjsms by the Intrasaccular Method of Suture (Endo-aneurjsmorraphj ) 
With Special Reference to the Transaenous Route — A Summarj In “Contributions 
to Medical and Biological Research (illus ) ” Dedicated to Sir William Osier in 
honor of his seventieth birthdaj, July 19, 1919 Hoeber, New' York, 2, 1047-1094 
Also m AivNAls or SuRGER-i, 71, 403-427, 1919 

■*- 1920 — Angioma and Lymphangioma Treated by the Author’s Method of Adrenalin 
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Ischemia and Sponge Scrub (Discussion following Doctor Reder of St Louis, 
at meeting of A ^I A , April, 1920 ) Trans , A M A , Surg Sect , 1920 

43 IQ2I— Routes of Access to the Heart Lessons Gathered from the Expeiience of the 

Late War Med Rec , New York, 99, 595-599, 620, 1921 

44 jg2i Military Surgery of the Vascular System Keen’s Surgery Supplementary, 

7, 713-819 Saunders, Philadelphia (Full review of cardiovascular surgery of the 
World War, 1914-1918 ) 

4'; jg2i On the Systemic Effect of Arteiiovenous Aneurysms of the Heart and Circula- 

tion (With introductory address on the life and character of John Thompson 
Hodgen ) The first John Thompson Hodgen lecture Delivered before the St 
Louis Surgical Society, March 26, 1921 Subsequently enlarged and published in 
the Trans South Surg Assn , 36, and in the Internat Clin , 2, Senes 35, 192S 

4G jg22 — Resultats Immediats et Eloignes de I’Anevrismorrhaphie Report by invitation 
to the Cong of the Association Franc de Chir , October 27, 1922, Pans Comptes- 
rendus 31, Cong d I’Assn d Chir 1922, 395-413 Abst Proc 31 Cong Assn 
Franc de Chir, Gaz d Hopitaux, October, 1922 
1922 — Arteriovenous Fistula of Femoral Vessels Surg Qm N Am, 2, 1165-1188 
(illus ) 

4s jg23 — Resultats Immediats et Eloignes de la Cure des Anevnsmes Arteriels et Arterio- 
veineuK par la Suture Intrasacculaire (rendo-aneviismoirhaphie) Presse Med 
31, 109-112 (original contribution) 

1924 — Congenital Arteriovenous Fistula Discussion of Dr W F Rienhoff’s paper 
Meeting of A M A , June, 1924 (Manuscript received too late to appear in report 
of proceedings ) 

1924 — Subclavian Arteriovenous Aneurysm Discussion of Doctor Reid’s paper on per- 
sonal experiences, quoted at meeting of A M A , June, 1924 (Unpublished ) 

1924 — Methods of Treating Aneury'sms by Intrasaccular Suture (lantern slide lecture) 
Scientific exhibit. Motion Picture Theatre, AM A, Chicago, June 11, 1924 
1924 — Observations de trois cas d’anevnsmes Arteriels Penphenques de la Mam et du 
Pied Gueris par la Suture Intrasacculaire Consei vatiice (endo-anevrismorrhaphie 
Reparatrice) Contribution to the “Livre d’or,” in honor of Professor Emile Forgue, 
Montpellier, November 6, 1924 Reprint 8°, 1-20, illus Masson et Cie, Pans 
1924 — Preliminary Report of a Ligation of the Abdominal Aorta Above the Bifurca- 
tion, for an Acute, Ruptured Syphilitic Aneurysm Involving the Origin of Both 
Common Iliacs (Survival of the patient one year, five months and nine da)"s after 
the ligation ) Death caused by fulminating pulmonary hemorrhage from a tubei - 
culous cavitj The aortic aneurysm completely obliterated by dense clot The cure 
had been clinically effected at the time of the fatal pulmonary hemorrhage Trans 
Am Surg Assn, 42, 603-615, 1924 Annals or Surglrv, 81, 457-464, 1925 
Abstracted and reviewed by Doctor Guimbellot, Presse Medicale (Revue des 
Journaux, 168, September 19, 1925, and by Dr M Strauss, Zentralorgan f d ges 
Chir, etc, 31, 61 1, 1925 ) 

1924 — Surgical Treatment of Chronic Valvular Diseases of the Heart Discussion of 
Doctor Cutler's paper Trans Am Surg Assn , 42, 175-179, 1924 
1924— Aneurysms of the Palmer Arches Discussion of Doctor Lyle’s paper Trans 
Am Surg Assn , 42, 677-679, 1924 

1924— Endo-aneurysmorraphy Discussion of Doctor Gibson’s and Doctor Porter’s 
paper Trans Am Surg Assn, 42, 591-602, 625-637, 1924 (Unpublished) 
i925~Branham’s Syndrome m Arteriovenous Aneurysms (An example of the in- 
separable relation of scientific medicine and modern surgery ) Proceedings Scien- 
tific Sectional IMeeting, American College of Surgeons at Mobile, Ala, February 
13-14, 1925 Published in abstract in program of meeting (Unpublished) 

''S 1925— Cardiovascular Effects of Arteriovenous Fistulae Clinical lecture at Charity 
Hospital, to the Members of the Southern Interurban Clinical Club of Internists 
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Thirteenth Semi-annual Meeting, June 7. 1925 Demonstration of two cases of 
arteriovenous aneurysm (Unpublished ) 

99 1925— On the Immediate and End-results of the Cure of Arterial and Arteriovenous 
Aneurjsms by the Method of Intrasaccular Suture— Endo-aneurysmorraphy Lec- 
ture illustrated with numerous lantern slides, delivered by imitation of the Cin- 
cinnati Academy of Medicine, March 2, 1925 (No printed report ) 
ro 1923 — Inaugural Presidential Address with Remarks on Endo-aneurysmorraphy 
(Illustiated technic by moving films) Read before the Clinical Congress of 
Ameiican College of Surgeons, Philadelphia, October 28, 1925 Surg, Gynec 
and Obstet, 41, 701-705, 1925 

01 1926 — Remarks on a Successful Ligation of the Abdominal Aorta , illustrated by a 
moving film, showing the case of Corinne Dunson, operated upon April 9, 1923, 
following a report of a “Ligation of Abdominal Aorta,” In Dr Barney Brooks, 
at Dallas, Texas, meeting of the AM A, Surgical Section, April 21, 1926 (Un- 
published ) 

1926 — Personal Experience in the Surger\ of the SubclaMan Vessels Paper read 
at the meeting of the Southern Surgical Association at Biloxi Miss , December 
16, 1926 Trans South Surg Assn, 39, 213-227, 1926 Abstr, TAMA, 88, 
595, 1927 

1927 — Address at the Inaugural Meeting of the Chirurgical Societr of Barcelona, 
ivith moving picture illustrating Dr Itlatas’ method of Endo-ancun smorraphv 
for the Radical Cure of Aneurysm Ars Mcdica, Barcelona, November, 1927 (in 
Spanish) 

1927 — Illustrated stereopticon lecture on the “Surgical Treatment of Aneurysms” (with 
special reference to Dr Matas’ method) before the Faculty and Student Bod\ of 
the Medical School of Barcelona, October, 1927 (abstract in program, m Spanish) 

1927 — Tratamiento quirurgico de los Aneuiismas por la Sutura Intrasaciilar (Po- 
nencias y Conferencias), Jornadas Medicas dc Madrid, 18-23 Octubre, 1927, 536- 
545 (m volume of transactions, Madrid, 1928) Lecture, by imitation, on the 
“Radical Cure of Aneury'sm”, illustrated by moMiig picture m the Assembly Hall 
of the University of Madrid during the Spanish Congress of ^Medicine, October, 
1927 (see Trans of the Congress, Madrid, 1928) 

“**1929 — ^Endo-aneurysmorraphy (Obhteratne Ty'pc) for Radical Cure of Aneurysm 
Remarks preliminary to a motion picture of the operation, as performed by the 
author at the Charity Hospital, on “Aneurysms of the Femoral, Popliteal and 
Tibial Arteries” Transactions seyenteenth annual meeting Association of the 
Illinois Central Railroad System Surgical Journal of Chicago, 34, 215-218, 1929, 
and discussion 

1929 — The Cause and Mechainsin of Postoperatiy e Embolism Report presented at 
the Eighth International Congress of Surgeiy, Warsayv, July, 1929 (Rapports, 

1, 137-144) 

1930 — Postoperatiy’e Thrombosis and Embolism Tlie Present St itus of the Ques- 
tion One of the three scientific addresses delivered in honor of Dr John Chal- 
mers DaCosta on the “DaCosta Night” of the Philadelphia County Aledical 
Society, April 30, 1930 Published in abstract m “The Roster,” bulletin of the 
Society, April, 1930 

1930 — Editorial in the American Journal of Surgery for July, 1930, on “Postopei atiy^e 
Thrombosis and the Contributions of the Scandinavian Surgeons to the Surgery 
of Embolectomy ’ 

1930 — Discussion of Piofessor Gynar Nystrom’s paper on “Operative Relief of Pul- 
monary Embolism ” Aleeting of the American Surgical Association, Philadelphia, 
May 7, 1930 Annals of Surgerx, 92, 52&-530, 1930 

1931 — A discussion of Dr A Storck’s paper on the “Treatment of Aortic Aneurysms 
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by the Method of Jugulo-Carotid Anastomosis (Babcock’s Opeiation) ” New Or- 
leans M and S Jour , 84, 448-454. I93i 

1Q31 On Autotransfusion Letter to the New Orleans M and S Joui , 84, 69-71, 

July, 1931 (establishing priority of W S Halsted, for this method of transfusion) 

73 1532— Personal Experience in the Surgery of the Subclavians (illus with lantern 

slides) Address at Scientific Session and Dedication Exercises of the Medical 
Department, University of lexas, Galveston, Texas, May 30, 1932 (No printed 

proceedings ) t. , 

74 ig32_Personal Experiences in the Surgical Treatment of Aneurysms Proceed 

Am Surg Assn, New Haven, Conn, May 17, 1932, Annals of Surgery, 114, 
802-839, November, 1940 

73 — Discussion of Doctors Scott and Morton’s paper on “The Treatment of Com- 

mon Arterial Diseases of the Lower Extremities ” JAMA, 99, 984-985, 1932 
Meeting of A M A , New Orleans, May 13, I932 

70 1Q32— The Donald C Balfour Lecture, University of Toronto, April 5, 1932, on 
“Postoperative Thrombosis and Pulmonary Embolism, Before and After Lister 
A Retrospect and Prospect’’ Bull Med Faculty, University of Toronto, 1932 
Reprint 8°, 32 

77 jg^2 — Cirsoid Aneurysm of the Face and Scalp Synopsis of an illustiated report of 
a recent operation for the radical cure of a traumatic arteriovenous aneurysm 
(cirsoid) involving the left half of scalp and left parotid region Four years’ 
duration 111 a patient, age 24 Recovery, with cure of the aneurysm Proc South 
Med Assn (Surg Sect) meeting held at Birmingham, Ala, November 15-18, 
1932 South Med Jour , 26, 820-826, 1933 

1932 — Subclavian Arteriovenous and Arterial Aneurysms Discussion of Dr J M 
Mason’s paper at the Miami meeting of the South Surg Assn, Decembei 13-15, 
1932 Am Jour Surg , 20, 532-539, ^933 

1933 — On the Indications and Methods of Surgical Treatment in Dealing with 
Aneurysms of Special Regions , as these have been evolved m the practice of the 
author Lecture I, at the Post-graduate Assembly of the Fifth District Medical 
Society of Southern Texas San Antonio, Texas, January 10, 1933 (No printed 
transactions ) 

1933 — A moving picture clinic of the “Methods of Treating Arterial and Arterio- 
venous Aneurysms in the Practice of the Author” Lecture II, at the Post-grad- 
uate Assembly of the Fifth District Medical Society of Southern Texas San 
Antonio, Texas, January 12, 1933 (No printed transactions ) 

1933 — On the Use of Removable Aluminum Bands (Matas-Allen) in the Surgery 

of the Great Blood Vessels A preliminary test of the efficiency of the circle of 

Wilhs m all operations involving the possible occlusion of the common and internal 
carotid , and other applications to the surgery of the subclavian, innominate and 

iliac arteries A Round Table discussion, illustrated with lantern slides Lecture 

III, Post-graduate Assembly of the Fifth District Medical Society of Southern 
Texas, San Antonio, Texas, January 13, 1933 (No printed transactions ) 

1933 — So-called Primary Thrombosis of the Axillary Vein Caused by Strain Re- 
port of a case with comments on diagnosis, pathogeny and treatment of this lesion 
in Its medicolegal relations Trans So Surg Assn , December, 1933 Am Jour 
Surg (ns ), 24, 642-655, June, 1934 

1933— Discussion on Vascular Surgery with Special Reference to the Surgery of the 
Carotid Tracts The Use of Special Compressors and Aluminum Bands Trans 
So Surg Assn, Am Joui of Surg, 24, 692-698, December, 1933 (illus) 

*■‘1934— (i) Address on the History and Significance of the Violet Hart Award for 
Outstanding Achievements in Vascular Surgery , and (2) Presentation and Cita- 
tion of Dr klont R Reid, first recipient of the “Matas Medal” of the Violet 
Hart Fund Report of proceedings at Dixon Hall, New Orleans, January 23, 
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1934, m Ttmes-Ptcaynnc, January 24, 1934 1 Am Jour of Surg (ns), 24, No 1 
1-35, April, 1934, and editorial 

1934 — Suppurative Pericarditis Discussion following papci by Doctor Bunch 011 
this subject Forty-seventh annual meeting of So Surg Assn , Sea Island, Ga , 
December 11-13, 1934 Am Jour of Surg, 28, 644-647, 1935 

1934 — On Coronarj Occlusion and Abdominal Emcrgencj Discussion of Drs J 
T Finney, Ji , and Chas Mob’s paper on this subject Foit\ -seventh annual 
meeting of So Surg Assn, Sea Island, Ga, December 11-13, 1934 Am Jour 
of Surg, 28, 644, 1935 

1934 — On Aneinysms of the Temporal Aitcrj Discussion of paper by Doctors 
Winslow and Edwards on this subject Foi tv -seventh annual meeting of the So 
Surg Assn, Sea Island, Ga , December 11-13, I934 Trans So Surg Assn, 47, 
506-508 1935, Am Jour of Surg, 28, 700-702 1935 

1934 — On Scalenus Anticus Sjndiomc Discussion of jiapcr bv Doetors Ochsner, 
Gage and DeBakey on this subject Fortv -sev enth annual meeting of the So 
Surg Assn, Sea Island, Ga , Dcccmbei 11-13 1934 Trans, 47, 1935 Am Jour 
of Surg, 28, 694-^195, 1935 (In relation to subelavian ancurvsms) 

1935 — Remarks (chieflj historical) on the Treatment of Peripheral V iscular Dis- 
eases by Alternate Positive and Negative Atmospheric Pressure b\ the Paevc\ 
Treatment of Reid and Heirmann Discussion following jiaper on this subject, 
b> Dr Isidore Cohn in Oilcans Parish Medical Socictv, March 11 1935 New 
Orleans M and S Jour , 88, 79-81, 1935 

1935 — On Arteriograpbv Discussion following reading of Dr j Ross Veal’s paper 

on ‘Recent Diagnostic and Therapeutic Advances in Peripheral Circulatorv Dis- 
ease ’ Trans Louisiana State Med Soc, New Orleans Ajiril 29, 1935 New 
Orleans M and S Jour, 88, 687-689, Mav, 1936 In this connection sec editorial 
New Orleans M and S Jour, 87, 245-247, October 1934 ‘The Matas Opera- 
tion for Aneurjsm in the Light of Arteriograpbv ” 

1935 — Contribution of Louisiana to the Surgerv of the Blood Vessels Address at 
the Centennial Celebration of the Foundation of the Aledical School of Tulanc 
Universitj Hutchinson Memorial, June 12, 1935 (Delavcd iirinting for later 
publication m the author’s Hi'torv of Medicine in Louisiana, m advanced piepa- 
ration ) 

1935 — Popliteal Aneurvsms and their Surgical Ticatment An illustrated lantern 
slide lecture Tulane Alumni Clinics, October 31 1935 (Publication delayed foi 
additional data ) 

1935 — Contribution to the Casuistics of Cirsoid Aneurjsms of the Scalp and Face 
With Special Reference to their Surgical Treatment (illus ) In the testimonial 
volume dedicated to Professor Presno, of Havana Revista de Medicma j Cirujia, 
Habana Ano XL, No ii, 869-884, November 30, 1935 (Printed in English ) 

1935 — On the Treatment of Carotid Cavernous Aiteriovenous Aneurvsms Discus- 
sion follovvmg Dr W W Dandy’s paper on this subject Trans Am Surg 
Assn, 53, 432-436, 1935 Annals of Surgfrv, 102, 920-924 1935 

1936 — Femoral Aneurjsms Their Classification and Surgical Treatment (illus) 
Lectuie, Tulane Clinics, Nov'embei 12, 1936 (Publication purposeh delavcd for 
additional data ) 

1936 — Discussion on “Aneurjsms of the Extracianial Internal Carotid Personal 
Statistics and Conclusions” — following paper by Drs A M Shiplej', N Winslow 
and W W Walker Trans South Suig Assn, 49, 58-59, 1936, Annals of 
Surgerv, 105, 698-699, 1937 

1936 — On Continued Intravenous Blood Drip of Marriott and Keknick Discussion 
following reading of Doctor Silverman’s paper on this subject Orleans Parish 
Med Soc, October 12, 1936 New Orleans M and S Jour, 89, 545-548, 1937 

1937 — Address on the Pioneeis in the Transillumination of the Living Vascular 
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System for Clinical Purposes With Special Reference to the Achievements of 
the Portuguese School of Vasoradiographers 

'll jp37 Preamble to the citation and presentation of the Matas Medal to Professor 

Reynaldo dos Santos, of Lisbon, the second recipient of the Violet Hart Fund 

The two addresses above, are published m the report of proceedings of the 
“Dos Santos” night Edited by Dr Isidore Cohn, Tulane University Press, 1937 

100 i937_Discussion of Dr Fred H Krock’s paper on “A Simplified Apparatus foi 

Pressure-Suction Therapy for Vascular Disease” Trans Surg Section, So Med 
Assn, So Med Jour, 31, No 3, 294, March, 1938 

101 jp37 — Aneurysms of the Circle of Wilhs Discussion of Doctor Dandy’s “Intra- 

cranial ‘Clip’ Occlusion of the Internal Carotid for Aneurysms of the Circle of 
Willis,” with supplementary remarks Trans So Surg Assn, Birmingham, 
December 7-9. 1937, Annals of Surgery, 107, No 5, 660-680, 1938 

102 jp3p — Experience of the Chanty Hospital of Louisiana, on Aneurysmal Dis- 

eases (Dry clinic with lantern slides ) Thoughts on the “medical aneurysms” 
with special reference to the aortic and cerebral aneurysms What is the medical and 
surgical outlook for tlie cure of these aneurysms^ Clinic by invitation, at the Medi- 
cal School of Louisiana State University, March 28, 1939 In connection with the 
visit of the American College of Phj'^sicians that date (Unpublished ) 

’03 1939 — Congenital Arteriovenous Angioma of the Arm, Metastases Eleven Years 
after Amputation (Type of cavernous angioma histologically benign, clinically 
malignant) Trans So Surg Assn, Augusta, Ga, December 3-7, 1939 Annals 
or SuRGER\, III, 1021-1045, June, 1940 (Ulus) 

^0^ 1940 — Discussion on “Prevention of Ischemic Gangrene Following Operations upon 
the Major Peripheral Arteries by Chemical Section (alcoholization) of the Cer- 
Mcodorsal and Lumbar Sympathetics,” by Drs Idys Mims Gage and Alton Ochs- 
ner Trans Am Surg Assn , 58, 1940, Annals of Surgery, 112, 957-959, Novem- 
ber, 1940 

1940 — Discussion on “Experimental Studies m the Occlusion of Large Arteries,” by 
Dr Herman E Pearse Trans Am Surg Assn , 58, 1940 Annals of Surgery, 
1 12, 934-937, November, 1940 

1940— Final pictorial report on the case of Connne Dunson, “Successful Ligation of the 
Abdominal Aorta for Aneurysm of the Bifurcation,” to complete the preliminary 
report referred to in ref 53 and 61 of this bibliography Discussion and illustrations 
following papers on the successful abdominal aortic ligations of Doctors Elkin and 
Bigger Trans Am Surg Assn, 58, 1940, Annals of Surgery, 112, 907-908, 
November, 1940 

1940 — Personal Experiences in Vascular Surgery An historical sketch and statisti- 
cal summarj% covering the period 1888-1940 Trans Am Surg Assn, 58, 1940, 
Axnals of Surgeri, 1 12, 802-839, November, 1940 
ws 1940— Vascular Tumors Piersol and Bartz’s Cjclopedia of Medicine, Surgery and 
the Specialties Vol 15, 798-878, 2nd edition, revised, illustrated and augmented, 
1940 Davis and Co , Philadelphia 


The foregoing summary has been prepared as an introduction to 
a senes of articles by the author, to appear serially in the ANNALS OF 
SURGERY These will include the “Surgery of Aneurysm Its Re- 
gional Aspects, ’ with the thought of eventually incorporating the 
essays into a monograph on the subject 

JAMES T PILCHER 
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CLINICAL AND EXPERIMENTAL OBSER^^ATIONS ON 
ARTERIOVENOUS EISTULAE'' 


Emile Holman, AI D 

San PnANCisco, CvLir 

Fno\r TiiF unoBATOni i on suncrcAi. iifspauch STASronn usuinsiTV sciioox ox mfdicise 

In 1923, Lewis and Drury^ presented observations on aiteriovenous 
fistnlae in man and in the expeiimental animal which w'ere quite limited in 
scope, m that the clinical fistulae w'eie appaiently not operated upon, and the 
experiments dealt only wuth the immediate cflects of a fistula in an animal 
which did not suivive the expel iment Because of the ohMOus limitations of 
such observations, a number of the conclusions which w'eie diaw'ii up have 
since proved untenable Moie specifically, cardiac output was said to he 
unchanged, wdieieas numerous observations”’^ * indicate that it is maikedl}' 
inci eased and even doubled in the piesence of a fistula Fistulae were said 
not to affect venous pressuie, although some of their own ohsei vations, and 
many observations by others, show' a ver}' definite mciease and sometimes 
doubling of venous pressuie proximal to a fistula, depending on the size of 
the fistula 

The dilatation of the heait w’as said to be due to the effect of deficient 
nutiition incident to a low'eimg of mean aitenal piessuies, wdiereas Gieen’’’ 
show'ed an iiici eased coionary flow' due to systolic elevation, and others have 
demonstiated a degiee of caidiac h)'pcitiophy in dilated hut propeily func- 
tioning heaits totally incompatible w'llh a deficient nouiishment of cardiac 
muscle 

Since that time, a numhei of fistulae m man have been caiefully studied 
befoie and aftei elimination of the fistulae, and numeious expeiimental animals 
have been obseived befoie and aftei compaiahle fistulae were established he- 
tw'een the larger vessels and permitted to lemain foi peiiods as long as seven 
yeais In a numhei of instances, obserrations diametiically opposite to those 
of Lew'is and Druiy w'eie made, and the} aie presented as substantiating the 
follow'ing concepts 

(1) That a fistula intioduces a secondaiy 01 “fistulous” ciicuit into the 
cii dilatory system 

(2) That the low'eied peripheral lesistance in this secondaiy circuit 
lesults 111 a diveision of blood from the piimary ciicuit w'lth its high capillary 
lesistance, the extent of such diveision and the consequent physiologic effects 
of such diversion depending upon the size of the fistula and its location in the 
aiteiial tree 

(3) That the diversion of blood fiom the noimal aitenal bed thiough the 
fistula into the capacious venous system proximal and distal to the fistula 

Read before the American Surgical Association, St Louis, Mo , Mav i, 2, 3, 1940 

This study was aided b> a grant from the Fluid Research Fund of the Rockefeller 
Foundation 
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results in a loweiiiig of blood piessure m the primary circuit, which may be 
fatal if the fistula is large, or if it lies between the largei vessels 

(4) That, following the production of a nonfatal fistula, the general blood 
piessuie IS loweied, the diastolic piessure permanently, but the systolic pres- 
suie IS giadually restored to normal or even above the normal level by the 
compensatory phenomena of (a) an increased cardiac output through an 
acceleiation of pulse rate m the presence of an inci eased venous filling, and 

(b) an inci eased total blood volume 

(5) That venous filling is increased as shown by an increase m venous 
pressure proximal to a fistula 

(6) That m a normally functioning, dilatable heart, this increased venous 
filling IS easily disposed of by acceleiated contractions and inci eased caidiac 
thrust without a rise m “geneial” venous pressure 

(7) That the pait of the cii dilatory bed common to both the primaiy 
and the secondary circuits has an increased volume of blood flowing through it 

(8) That an “adjustment” dilatation of this part of the ciiculatoiy system 
occuis commensuiate with the inci eased volume of blood flowing through it, 
the dilatation involving the aitery and vein between the heart and the fistula, 
and all the chambers of the heart 

(9) That, when the fistula is first opened, this adjustment dilatation fiist 
involves only the thm-walled easily distensible, capacious venous bed, which, 
both proximal and distal to the fistula, receives blood under arterial pressuie 

(10) That the immediate eflfect of the loss and diversion of blood fiom 
the primal y arterial bed into the capacious venous bed is a decrease m the 
size of the heart, followed, in the nonfatal fistula, as the lowei ed blood pressure 
incident to this diversion is compensated by an increase m total volume of 
blood, by a gradual dilatation of the heart and of the artery proximal to the 
fistula, the final result being a ddatation of the entire circulatory bed through 
which the short-circuited blood flows 

(ir) That closure of a fistula results m a reversal of all these changes, 
primal ily as the result of the filling of the primary circuit by the blood foi- 
meily flowing through the secondary or fistulous circuit 

(a) An overdistention of an aheady dilated heait for 12-24 houis 

(b) A permanent elevation of diastolic pressure due to the elimina- 
tion of an area of low peripheral resistance 

(c) A transient elevation of systolic and diastolic pressuies foi sev- 
eral days due to the distention of the arterial bed by the volume 
of blood increased m the presence of the fistula 

(d) Gradual reduction in the size of the heart and vessels to and 
from the previous site of fistula due to the reduction in the 
volume of blood flowing through that part of the ciiculatory 
bed common to both the primary and secondary circuits 

CLINICAL EXPERIENCES 

Case 13 — C H, age 21, entered San Jose Hospital, March 31, 1932, six weeks 

* Cases I to 12, inclusive, have been previously reported (see references 6 to li) 
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after an accidental ptunsliot uound — tlie bullet of a 38-calihcr pistol lia\ing entered the 
right thigh, laterallj, coursing downuaid to lie under the skin on the inner aspect of the 
thigh just below Hunter s canal Little difliculti had been t\perientcd in controlling 
bleeding, and prompt healing of the wound occuricd About ten dajs aftei the injure, the 
patient first noticed a “pun” on jilacing his hind on the louei thigh, and in the dajs 
that followed, an expansile swelling gradual!} deeelojied o\er this area 

Physical Examination — ^^Vhen first seen In me, Ajiril 4, 1932, eontinuoiis thrill and 
bruit w'ere present over this swelling, most intense ahout si\ inehes aboee the jiatella, 
directly in line wath the femoial artere Pressuie o\cr the site of maxiinum thrill 
successfully abolished the exjiansi'e pulsit'on in the laige swelling and no changes in 
pulse rate or blood piessure w'ere noted It was assumed, therefore that the fistulous 
opening w'as small, and the patient was jiut to bed for complete rest to determine the 
possibility of spontaneous closure Dtiiing the week, definite impro\emcnt occurred, the 
sw'ellmg decreased and the thrill and bruit seemed to dimmish No ehanges in blood 
piessure or pulse occurred on closuic of the fistula b} digit il piessure, and, accordingh, 
operation w'as again deferied At the end of the next week, the situation was cxactl} the 
same as at the preceding examinations, cxeejit for one fact Closuie of the fistula 
produced an appreciable increase m blood jiressure from nS''55 to 124/64 md a drop in 
pulse rate from 88 to 80 This was considered conclusive ceidenee that a laige fistula was 
present and that it probablv would not close spontancoush 

Opciation — April 21, 1932 Spinal anesthesia Because of the large pulsating 
swelling of the thigh, wdiicli was uiidoubtedl} a false sae into which the fistula opened, the 
operation w'as performed under a tourniciuet applied just below’ the groin A long incision 
paralleling the femoial vessels was made m the midthigh After displacing the sartorius 
muscle medialh, a laige false sac w'as entered and about a cjuait of organized and clotted 
blood W’as evacuated The femoral artei\ was exjioscd and just abo\c Hunters canal, 
a rent i 5 cm long was found opening into the false sac A similar rent was found in the 
companion vein, which also opened into the false sac but the aem was in no waj adherent 
to the arter} The arter\ and teiii were ligated abo\e and below’ the rents, and the 
vessels divided between the ligatures 

On removing the tourniciuet, definite pulsation was noted in the stump of the ligated 
distal artery, indicating an adequate collateial cii dilation At the end of the operation, 
the foot was warm and pink and a good pulse could be felt in the jiosterior tibial arter} 
An unev’entful recover} followed 

Case 14 — W' B, age 38, entered Lane Hospital, Maich 7, 1933, thiec months fol- 
lowing a gunshot wound of the right thigh The bullet from a 22-calibei rifle entered 
the lateral thigh six inches above the knee, shattcied the shaft of the femur, and lodged 
under the skin on the medial surface He was taken to a hospital where the leg was placed 
in a Thomas splint No nerve or vessel mjur} was suspected at that time Three weeks 
later after sneezing, there was a sudden onset of throbbing pain in the lower thigh, which 
then began to swell to such pioportions that the skin became tense and shiny The jiain 
was intense, a fever developed, but after a week both subsided He was told that he had 
an arteriovenous fistula, but that opeiation would have to be defeired to aw’ait the develop- 
ment of collateral circulation He left the hospital at his own request Two weeks after 
leaving the hospital, a throbbing pain and fcv'cr again appeared, and he entered Lane 
Hospital for the surgical treatment of the fistula 

Physical Examination — The heart was not enlarged, the sounds were normal, blood 
pressure, 100/66, pulse rate 84, the lecl cells 3,760,000 hemoglobin 61 per cent (Sahli) , 
leukocytes 7,400 The right thigh was markedl} swollen in the lower half of the medial 
and anteromedial surfaces At the level of greatest swelling the circumference of the 
right leg was 50 4 cm , left leg 37 cm There was no visible pulsation, but a palpable 
one, md diiectlv over the peak of the swelling there weie a slight thrill and a continuous 
bruit, intensified in systole The dorsalis pedis and posteiior tibial pulses vveie absent 
on the right, normal on the left There were no objective sensory changes although the 
leg felt numb The femoral artery on the right felt stronger than on the left, but com- 
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pressioii of the arten failed to produce any consistent alterations in the pulse or blood 
piessure The continuous thrill and bruit, however, made the diagnosis of arteriovenous 
fistula a certainty, complicated by a large false aneurysmal sac 

Opciatwn—lsiarch lo, 1933 A tourniquet was applied just below the groin, and a 
Ion- incision made fiom the medial aspect of the knee to a point halfway up the thigh, 
paralleling the course of the vessels The muscles were separated m the direction of their 
fibers, and a large false sac was entered, evacuating a great amount of blood clot At the 
bottom of the sac were the femoral vessels, each one with a large defect m its wall, 
approximately 25 cm long each rent opening separately into the false sac Only a 
small segment of the wall of each vessel remained intact (Fig i) 

The blood from the arterj noured first into the false sac, and was then forced through 
the opening in the vein The variable amount of blood flowing through the sac accounted 
for the variable effects of the fistula noted before operation It seems probable that 
when the pressure m the sac became almost arterial, it tended to collapse the vein and 



a * b e 

Tir I — Case 14 Uiagi ammatic presentation of an unusual tjpe of artenotenous fistula 
of popliteal tessels Provimil arterj anti \ein both open into a large false sac with separate 
openings into distal arterj and vein Quadruple hgation and excision performed Restoration 
ot \essels impossible No impairment of circulation 


its opening, the flow of blood w'ould cease temporarilj, the continuous murmur w^ould 
cease, and other attributes of a fistula would disappear It w'as obviously impossible to 
restore the continuitx of the arterj , and, accordingly, a quadruple hgation w'as performed, 
the arterj and vein dnided betw^een the ligatures, thus permitting their retraction The 
tourniquet w'as removed and all bleeding points w'ere controlled A good pulsation w'as 
present in the stump of the distal artery, indicating an adequate collateral circulation At 
the completion of the operation the color of the foot w'as excellent, although the posterior 
tibia and dorsalis pedis pulses were absent An une\entful recovery follow^ed On dis- 
missal the general blood pressure w^as 104/72 

Case 15 — C S , age 23, entered Lane Hospital, October 17, 1933, complaining, mainly, 
of recurring ulcers of the left leg since a gunshot W'ound of the left thigh four j^ears pre- 
Mouslj The shot entered the left thigh just below' Poupart’s ligament, apparently grazed 
the femui, a fragment of the bullet being recox ered from underneath the skin posteriorly 
The initial marked bleeding was surpnsinglj easily controlled Immediately after the 
injury, the distal part of the extiemity increased greatly m size, w'lthin a short time 
prominent xaricosities appeared oxer the entire left leg, and within a j'ear, the first ulcer 
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Tig 2 — Case 15 remornl fistula of four jenrs’ duration Note marked dilatation of pro\imal 
arterj and great distention of all \cins in tlie presence of the fistula and their complete disappear 
ance after operation 



Tig 3 — Case 15 Cardiac dilatation of marked degree accompany me a femoral fistula of four jears 
duration Blood pressure markedlj affected by closure of fistula Total blood \olume decreased 1,000 
cc and heart size markedlj decreased nitliin 30 dajs following elimination of fistula 
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appeared on the lower leg followed by alternate healing and recurrence A rumbling thrill 
at the site of injury was noted a few weeks after the accident and had been present ever 
since There were no other complaints except a moderate thumping of his heart and 
beating in his ears, more pronounced after exercise, although it had not interfered with 
his work 

Physical Examination — The left leg was markedly swollen in the dependent position 
(Fig 2), visibly less in the horizontal position, and almost not at all with the leg elevated 
45° In this elevated position, definite visible pulsation was observed in the superficial 
veins of the thigh and leg down to the level of the ulcer on the anterior surface of the 
lower leg There was marked pigmented discoloration of the skin around this ulcer and 
the leg, as a whole, was cyanotic as compared to the normal right leg Just below 
Poupait’s ligament was an area of visible pulsation about 3 cm in diameter, into which 
ran a greatly dilated, palpable femoral artery A very pronounced thrill and bruit were 
present over the area of visible pulsation, the bruit extending well up into the abdomen 
The heart was greatly enlarged, the apex beat being in the sixth interspace at the anterior 
axillary line (Fig 3 a) There was a soft systolic murmur at the apex The radial 
pulse had a collapsing character, comparable with that of an aortic insufficiency The 
posterior tibial and dorsalis pedis pulses were absent On occluding the fistula by digital 
compression over the common femoral artery and vein, the whole lower leg became 
suffused with blood, and the varicosities became greatly distended 


Tahi,?' I — Case 1 5 

BEFORE OPERATION 


DATE 

R B 0 

WBC 

Hb 

Blood F 

'ressure 

Pulse 

Blood Volume 

Oa Content 
Venous Blood 

Fistula 

Open 

Fistulo 

Closed 

Open 

Closed 

L Leg 

R Leg 

IO-ir-33 

6 3 

7800 

95 








10-18-33 




140-55 

160-100 

72 

56 




10-19-33 

6 0 


95 

144-56 

150-90 


64 

7200 

18 6% 

15 0% 

IQ-20-33 

5 9 



148-54 

170-100 

84 

48 




10-23-33 



96 


158- 90 






10-24-33 

6 1 










10-27-33 

5 5 


96 

' ■ 








10-28-33 




124-60 


88 






OPERATION FOR ELIMINATION OF LEFT FEMORAL FISTULA 


10-28-33 

3PM 

6 3 


118 

144-94 



72 




6PM 



■■1 

156-104 



80 




9PM 

6 5 

■11 





78 




10-29-33 

6 2 


108 

152-94 



64 




10-30-33 

6 2 


107 

164-92 



74 




10-31-33 

6 1 


107 

145-82 



78 




11-1 -33 

5 4 


104 

138-72 



76 




11-3-33 

5 8 


107 

148-82 



62 




11-4-33 

5 3 


99 

128-72 



60 




11-6-33 

5 5 


98 

126-74 



60 




11-8-33 

5 2 


96 

124-70 



78 




11-10-33 

5 2 


96 

118-70 



80 




11-13-33 

4 9 


90 

116-70 



64 




11-15-33 

5 2 


91 

130-80 



64 


iHi 

iiim 

11-27-33 

5 0 


95 

118-76 



60 

6200 



8 -29-35 

4 8 

— 

84 

^20 -75 



76 
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Skin temperatures as determined bj a thermocouple ^\eie as follows 



Right 

Left 

Forearm 

32 o^C 

32 o^C 

Midcalf 

31 o”C 

33 5°C 

Sole 

27 5 °C 

28 o°C 


The increased suiface temperatuie of the left lower leg was consistent with the arterial 
pulsation in the superficial veins, indicating the piesence of artcrnl blood close to the 
surface 

Specially taken roentgenograms of the left fcmui show’ed it to be 2 Aim longer than 
the right 

Proximal Pro- operative 



Post-operative 



During fluoroscopic examination, the heart was seen to increase 5 Mm m diameter 
on closing the fistula Special studies arc recorded in Table I 

Opciafion — October 28 1933 Elimination of the fistula was performed without a 
tourniquet A 20 cm -long incision w'as made ovei the course of the femoral vessels The 
large common femoral arterj and vein weie first exposed, isolated and surrounded w’lth 
tapes which, how'ever, were not tied The enoimously enlniged saphenous a cm avas 
displaced medial!} The aneurysmal sac, about 3 cm m diameter, aaas paitially isolated, 
but a large extension of the sac doavn to the femur and into the soft tissues of the posterior 
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thigh was not isolated It was found that both the superficial and deep femoral arteries 
enteied directly into the aneurysmal sac, that the blood left the aneurysmal sac by passing 
into a small, almost obliterated superficial femoral artery, whereas the greater volume of 
the blood passed directly into a very large superficial femoral vein It was apparent 
that the pulsation in the popliteal space which was attributed before operation to a large 
popliteal arteiy was in fact a pulsating popliteal vein The vessels entering and leaving 
the sac were doubly ligated and the sac excised, except for the portion extending pos- 
tenoily (Fig 4) The arteries ligated m this maneuver were The superficial femoral 
artery just beyond the emergence of the deep femoial artery but proximal to the 
aneurysm, the supetficial femoral artery beyond the aneurysmal sac, the deep femoral 
artery just distal to the lateral ciicumflex branch, but pioximal to its entrance into the 
aneurysmal sac No deep femoral artery was identifiable beyond the aneurysmal sac 
The saphenous vein was spared The superficial femoral vein was ligated proximally 



PULSE 

Chart i — Case 15 Showing the variations m blood pressure incident to closure of a femoral 
fistiih of foui } ears’ duiation (a) Bj digital piessure, (b) b> operative elimination 

The blood lohime decreased from 7,200 cc to 6,200 cc following operative removal of the fistula 

and distally to the aneurysmal sac, as were also several larger venous tributaries m the 
region of the deep femoral aitery The partially excised aneurysmal sac contained about 
two ounces of blood The walls of that portion of the sac still remaining in the tissues 
were approximated with interrupted sutures Although no pedal pulses were palpable, 
the foot was warm and pink at the end of the operation At the beginning of the opera- 
tion the blood pressure ivas 124/60, pulse rate 88 At the end of the five-hour operation 
It was 140/90, pulse rate 72 No fluids were administered either subcutaneously or intra- 
venously during the operation 

The later behavioi of the pulse and blood pressure are recorded in Chart i Blood 
studies (Table I) revealed a concentration of hemoglobin from 96 to 118 per cent (Sahh), 
and a concentration of red cells from 55 to 65 million in the first 24 hours after the 
opei ation 

In the coui se of the operation, a number of fragments of the original bullet \vere re- 
covered, a few Ivmg partially imbedded m the wall of the posterior extension of the 
aneur3smal sac On the fourteenth day following the operation, the w’ound was reopened 
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and a large abscess evacuated, the pus coming from the blind aneurysmal sac in the 
posteiior thigh The wound was dakimzed and an uneventful healing occurred The 
heait giadually decreased in size, and four weeks after operation the total blood volume 
had dropped from 7,200 cc to 6,200 cc The pounding in his heart and head was no 
longer present after the operation The ulcer of the lower leg rapidly epithehzed, and 
was healed on discharge Two years later, he leturned for the injection of some promi- 
nent varicose veins of the left leg just above two small ulcers in the same area of 
previous ulceration In other respects he was perfectly well 

Case 16 — S H , age 22, entered Lane Hospital, March 8, 1937, because of an arte- 
iiovenous fistula of the left thigh, from which he had experienced no sjmptoms A\hatso- 
ever, but which had been the cause for the rejection of a recent application for life in- 
surance He was told by his physician that unless the fistula were eliminated he would 
develop heart trouble 



Fig 5 — Case 16 (A) Cardnc dihtatioii in the presence of -i femoral fistula of fi\e j cars’ dura 

tion, is (B) definitely increased 24 houis after the closure of the fistula, but (C) markedly decreased 
within 48 hours 


Five years previously, while on a camping trip, he had been shot accidentally through 
the left thigh by a 22-cahber pistol at a distance of about ten feet The considerable 
bleeding which occurred was controlled immediately with a tourniquet, and there w'as no 
recurrence of bleeding At the hospital, four hours later, a local debridement w-as per- 
formed, and he w'as discharged two weeks later w'lth the w ound healed, but wuth a “purr” 
m his thigh, which he himself discovered after his discharge, but wdnch he did not call 
to his doctor’s attention There had been no cardiac symptoms, except an occasional 
hght-headedness and a pounding in his heart noted only wdien hing dowm He was a 
store clerk and had experienced no shortness of breath His doctor noted a cardiac 
murmur for the first time about nine months before admission 

Physical Eiannnation — Temperature of 372° C, pulse rate 76, respirations 18 
There was almost no swelling of the affected leg, even the superficial veins w'ere not 
prominent In the midthigh weie a marked palpable thrill and audible murmur con- 
tinuous throughout the cardiac cycle with great systolic accentuation These were 
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maximum at a point midway between the pubic spine and internal condyle of the femur, 
but they could be felt and heard both distally and proximally to it, even over the lowei 

abdomen 

There was marked increase in the precordial activity, and as the patient lay on his 
• back one could see vigorous pulsation of the abdominal aorta, extending into the left 
inguinal region, continuing down the left femoral artery but ending abruptly in its mid- 
point at the presumed site of the fistula On palpation, the left femoral artery appeared 
to have a diameter of approximately 9-10 Mm, whereas the right femoral artery felt 
about 5-6 Mm in width The popliteal, posterior tibial, and dorsalis pedis artenes could 
be easily felt on both sides When the fistula was digitally compressed sufficiently to 
obhteiate the thrill, the posterior tibial pulse below it was stronger than before, indicating 
a more than adequate collateial circulation The heart was enlarged to percussion, 
measuring 3 5 cm to the right and 10 8 cm to the left of the midline (Fig 5) A systolic 


Table II — Case 16 


BEFORE OPERATION 


DATE 

R B C 

W B C 

Hb 

WmM 

Blood Volume 


Woter Bolonce 

Icterus 

Index 



Pulse 



Blood 

Pressure 

Intake 

Output 

Urine 

Fislulo 

Open 

Fistulo 

Closed 

3-8-37 

■Ql 

8600 

86 









88 







4250 


120 

100 

2500 

1200 


76 

128-52 

3-9-37 




4300 

5040 

105 

El 

2500 

800 


1 


3-10-37 






BB 


2500 

1000 




3-11-37 

4 8 


99 








80 

138-58 

3-12-37 

4 5 


100 





2500 

700 





OPERATION 3-13-37 


3-13-37 









400 



■nil 

2 hrs PO 

5 25 


103 




.9 

2500 

2700 


76 

190-80 

3-14-37 

5 2 


101 



■■II 

Bi! 





■■ 


BSi 


103 








63 

176 104 


Bl 


104 










3-15-37 

5 5 


105 





2500 

1000 

Bl 

80 

172-105 

3-16-37 

Bl 


104 





2500 

900 

1 

63 

74 

176 100 

3-17-37 

4 9 


98 





2500 

2000 

lEQ 

76 

140-70 

3-18-37 

5 0 


100 





2500 

1950 

5 8 

72 

130-90 

3-19-37 

4 8 


98 


4200 



2500 

650 


84 

142-88 

3-21-37 




4500 








inni 


murmur could be heard over the entire precordium, greatest at the apex but heard also 
over both the aoitic and pulmonic areas There was visible distention of the neck veins 
The hver dulness was not increased, extending from the upper border of the sixth rib to 
a finger’s breadth below the costal margin 

Studies of the effect upon blood pressure and pulse of closing and opening the fistula 
are recorded m Chart 2 On closing the fistula bj"^ digital compiession, the blood 
pressure rose for a few seconds to 156/90, dropping to a level of 142/80 as long as the 
fistula was closed Opening the fistula caused a precipitate drop to 118/48, recovering 
promptly to 138/56 The pulse rate was affected promptly by the closure of the fistula 
dropping from 80 to 66 and 72 ' 

The electrocardiogram ^^as normal m all leads and was not altered by closure of 
the fistula, except for the drop m pulse rate 
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Careful studies of the fundi revealed pulsating arteries and veins and arterioles in the 
region of a macula of normal size When the fistula was closed, however, the arteries 
seemed to engorge and stop pulsating, the veins dilated and pulsated, and the arteiioles 
of the macular region dilated and encroached more closely upon the macula 

Roentgenographic studies of the two femora demonstrated the left femur to be i cm 
longer than the right Inasmuch as the patient contracted the fistula at the age of 17, when 
the epiphyses were still uniimted, we may ascribe this increased lengthening to the in- 
creased vascularity of the left thigh incident to the extensive collateral circulation, which 
occurs so characteristically in the presence of a fistula 

Fluoroscopicall}, “the heart is seen to be beating vigorousl} and at a rather rapid 
rate When the fistula is compressed, the pulse rate slows, and the diameter increases 
0 5 cm As the compression of tlie fistula is continued the pulse rate is slightly accelerated, 
and the heart becomes even smaller than before closure of the fistula b\ o 5 cm On re- 
leasing the compression, the heart returns to its first state 111 about 30 seconds ” These 
changes confirm previous observ'ations that cardiac size vanes with redistribution of the 
blood volume depending upon conditions at the fistula The immediate effect of closing 
the fistula is to back up the previously short-circuited blood in the central arterial bed, 
particularly the heart, which temporal ilv dilates There is a rise 111 arterial pressure 
which IS promptly compensated bj a peripheral dilatation (as seen in the retinal vessels) 
This filling of the peripheral bed bj the blood formerlv short-circuited through the fistula 
removes some of the blood volume in the central circulator} bed, and the heart becomes 
smaller than it is with the fistula open 

Opetation — March 13, 1937 The fistula was exposed bj a long incision paralleling 
the femoral vessels in the midthigh A tourniquet was not tmplojed, as full and pulsating 
vessels are more easily identified and isolated than are collapsed ones The proximal arterv 
was freed first and a tape applied so as to be able to close it m case of trouble with bleed- 
ing When the vessels and fistula were finallj isolated the following measurements were 
obtained 


Proximal artery 
Proximal vein 
Distal arterv 
Distal vein 


1 0 cm diameter 

2 o cm diameter 

0 7 cm diameter 

1 2 cm diameter 


Quadruple ligation was performed and the fistulous area excised Bj careful measure- 
ments the inside diameter of the fistula itself was computed as having had a diameter, in 
life, of 08 cm The blood pressure at the bcginiimg of the operation w'as 142/74, pulse rate 
84 At the end of the two-hour operation it was 170/90, pulse rate 80 At the moment of 
ligation of the artery the blood pressure rose temporarily to 190/90, pulse rate 74 

Following operation significant changes occurred in the size of the cardiac silhouette 
(Fig 5) in blood pressure (Chart 2), m pulse, and in the blood elements themselv’es, all 
changes being dependent upon the increase 111 total blood volume that occurred in the 
presence of the fistula, and that required sev'cral dajs for its readjustment to normal 
Twenty-four hours after the elimination of this patient’s fistula the transverse diameter 
of the heart had increased from a preoperativc measurement of 195 cm to 21 cm Forty- 
eight hours after the operation the transverse diameter had decreased to 17 5 cm The 
temporary postoperative increase in the size of the heart is explained on the basis of a 
redistribution of the total blood volume, and is the direct opposite of what occurs when 
the experimental fistula is first opened Blood which formerly flowed freely through the 
fistula into a capacious venous system temporarily fills the arterial sjstem, resulting in 
a temporarily increased general pressure and a temporary ovcrdistention of the left 
cardiac chambers, possibly even extending back thiough the pulmonarj vessels to distend 
the right cardiac chambers as well Evidence of this is av'ailable from a study of roent- 
genograms made with the fistula open and with it closed The roentgenologist’s report 
was as follows “Films were taken with ordinary exposure to show the normal lung 
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markings The first film was taken without compression of the fistula and the second 
film was taken five seconds after the fistula had been shut off When the two films were 
compared, we can see that the peribronchial markings aie more prominent m the film 
taken after the fistula had been closed off The heait measures about 5 Mm more in 
transverse diameter in the film taken after closure of the fistula 

Following elimination of the fistula by operation the total blood volume decreases 
the pressure slowly falls, and the heart decreases in size The decrease in blood volume 
IS effected in the first few days bj'^ elimination of the plasma resulting in a concentration 
of the cellular elements and in hemoglobin As noted m the chart, the urinary output 



Chart 2 — Case 16 Vaiiations 111 blood pressure incident to closure of a superficial femoral 
fistula of fi\e > ears’ duration (a) liy digital pressure, (b) by operation 

The blood volume decreased from 5,040 cc to 4 200 cc following elimination of the fistula 


greatly exceeded the intake of fluid during the first two days following the operation, 
suggesting a readjustment in total blood volume by the elimination of plasma The red 
cells increased immediately after operation from 45 million per cc to 54, dropping m 
five days to 48 million The hemoglobin increased from 100 before operation to 105, 
dropping within five days to 98 The blood pressure and pulse rate behaved as noted in 
Chart 2 Immediateli" after operation, the blood which formerly leaked into the capacious 
venous system of the shorter circuit now filled the arterial system, as shown by an in- 
creased distention of the retinal arterioles This overdistention of the arterial system 
resulted m a postoperative increase m blood pressure in the first few days as high as 
190/80 and 172/105, as compared to 138/58 before operation The overdistention of the 
aorta and cerebral vessels produced a vagal inhibitory effect upon the heart, causing a 
drop in pulse rate from 80 to 76 and 63 After six days, the blood pressure was 142/88 
and pulse rate 84, the diastolic pressure being permanentlj’^ elevated by the elimination of 
the loweied peripheral resistance due to the fistula The total blood volume dropped from 
5,000 cc before operation to 4,200 cc after operation 

Case 17— J H, age 38, entered Lane Hospital, April 3, 1939, on crutches, because 
of an injury to his left thigh one month previously On March 4, 1939, while cutting 
linoleum with a knife, the blade accidentally entered the left midthigh to a depth of two 
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inches On withdrawing the blade, blood spurted violentlj (about two yards) with each 
heart beat Despite attempts at controlling the bleeding, he promptly fainted, apparently 
from loss of blood He was taken to a local hospital where the wound was dressed and 
found to be filled with clot About two hours after injury, the wound again broke open, 
with excessive bleeding, from which he again fainted He left the hospital after two days, 
and uneventful healing occuried The thigh became quite swollen, with black and blue 
discoloration, which graduallj disappeared He had not attempted weight-bearing be- 
cause of pain on extension of the leg A marked djspnea, which w'as present for a few' 
days after injurv, had disappeared About six days after the injury he noted a “buzzing” 
over the w'ound, w'hich had persisted 

Physical E\avnmtion — The heart was normal to percussion, but a loud blowing 
sjstolic murmur w'as heard at the apex There was no gross difference in the tw'o legs 
On the midmedial aspect of the left thigh was a 2 cm scar Palpation over this area 
revealed a striking thrill and a small firm mass On auscultation, a loud, continuous 
murmur could be heard, intensified m systole, and audible up and dow'n the thigh along 
the course of the vessels General blood pressure with the fistula open was 118/72, pulse 
rate 64 On compressing the femoral artery abo\e the fistula, the blood pressure rose to 
134/100, pulse rate 60 The left femoral arterj' was not demonstrablv larger than the 
right A good posterioi tibial pulse could be felt on the left as well as on the right 
The operation for the lepair of the fistula was undertaken after onlj a month had elapsed 
since the mjun because (i) healing had produced a painful thigh on motion, and (2) the 
changes m blood pressure and pulse rate on closing the fistula indicated a large fistula 
W’hich, undoubtedl}', w’ould eventuallv have affected the heart, and would, most certamh, 
not have closed spontaneouslv 

Opeiahon — April 8, 1939 A touiniquet w'as not applied at the beginning of the 
operation Under avertm and nitrous oxide anesthesia, I-Iuntei’s canal was exposed 
through a long, is-cm incision along the course of the \essels The arterj' and \em w’ere 
first isolated above the site of the fistula An aneurysmal sac, 4 cm 111 diameter, w’as 
identified, projecting from the vein, m w'hich swirling arterial blood could be seen The 
arterj and vein distal to the sacculation were identified and isolated On closing the 
artery proximal to the fistula with a clamp, pulsation was still present m the arterj be- 
yond the fistula (Henle-Coenen test), indicating an adequate collateral circulation De- 
spite this evidence, it W’as decided to ligate and excise the aein proximal and distal to 
the fistula m order to a\oid the dangeis of embolism of air or clot and to restore the 
arteiy The vein w'as ligated abo\e and below' the fistulous opening and the mter\emng 
segment excised, togethei w'lth a portion of the aneurjsmal sac The rent m the arter4 
measured i 2 cm m length and w'as closed w'lth fine, interrupted, oiled silk sutures, the 
line of suture being leinfoiced by suturing the distal stump of the vein so as to he snuglj 
o%er It An excellent dorsalis pedis and posterioi tibial pulse could be felt at the end of 
the operation The blood pressure at the beginning of the operation was 104/70, pulse 
rate 80, and at the end of the three-hour operation it w’as 150/90, pulse rate 64 An 
uneventful recovery follow'ed No fluids w'ere administered either subcutaneouslj or 
intravenously during the operation 

Case 18 — A W , age 36, on Septembei 19, 1932, accidentally sustained a gunshot 
w'ound, the bullet from a 32-40 deer rifle entering the right upper chest and emerging 
through the muscles at the base of the right neck The furious bleeding w'hich ensued 
was with difficulty conti oiled by digital pressure and dressings No operation w’as per- 
formed, but the patient w'as apparentlj unconscious for about tw'O hours On the follow'ing 
morning, his local doctor noted a constant murmur m the right upper chest The hand 
and arm felt numb for about a w’eek, follow'ed bj' a slow' reco4 ery except for a persisting 
numbness m the index fingei He returned to work exacth a month after the accident 
and continued his work as a clerk until 1937 

In April, 1933, he consulted a surgeon at the request of his local doctor His com- 
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nlamts at this time were paresthesia of the upper arm brought on by muscular move- 
Lnts of the arm, particularly abduction, numbness of the index finger, variable soreness 
of the right shoulder, and a booming sound in his right ear Examination f ^his time 
showed a man apparently m robust health His heart was of normal size (Fig 6 a) , 
there were no murmurs Blood pressure was 140/80 in both arms, pulse 90 The scar 
of wound of entrance lay m the third interspace just to the right of the sternum, and 






Fig 6 — Case iS Cardiac silhouettes in the presence of an arteno\enous 
fistula (a) Six months after establishment of a right subclaMan jugular fistula 
(b) Three and one half tears later — patient onlj slightly incapacitated (c) 
Six and one half years after injury tthen complete cardiac decompensation was 
present — generalized edema, ascites and htdrothorax (d) Great improvement 
after one week’s complete rest (e) Three days after operation (f) Thirty 
three days after operation, all evidence of decompensation absent The great 
vessels at the root of the heart are dilated, as well as the heart 


the scar of wound of exit lay on the ridge made bj’ the trapezius muscle There was no 
evidence of injurj' to the clat icle In the right supraclavicular space was a slight swelling, 
and m this region one could hear a continuous bruit intensified in svstole, which was 
modified but not obliterated bj’ pressure just above the inner end of the right clavicle 
Verj deep and somewhat painful pressure at this point caused a fall in pulse rate from 
84 to 76 per minute, and a -very slight increase m blood pressure, from 138 to 144 
svstohe There was slight atrophy of the muscles of the right forearm, but muscular 
moiements and sensation were normal In view of the apparent inaccessibility of the 
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lesion and because of its presumably innocuous character, the consulting surgeon ad- 
vised against operation with the admonition to return for periodic observation He was 
not seen again by this surgeon until September, 1936, when he returned complaining 
of increasing weakness, increasing shortness of breath, loss of weight, great nervousness 
due to the noises and “pounding” in his right chest, neck, and head, which were ahvavs 
w'orse in the night Slight exertion produced great exhaustion, as did a hea\j meal 
Pltyncal E\aminatioii — The patient w’as still in ap])arentl\ good health, but his 
heart W'as laiger than before (Fig 6 b), and a faint ssstolic murmur could be made ou* 



Fig 7 — Case i8 (n b) On admission, this patient sho^^ed complete cardiac decompensation 
including: se\ere brawnj peripheral edema, ascites and hjdrothorax due to right subcla\ian jugular 
fistula of SIN and one half >ears duration (c d) Complete reco\cr\ with loss of ascites and edema 
12 days after elimination of fistula Horners SMidrome, which was quite noticeable at this time later 
practically disappeared Line marks the incision 

at the apex The other noimal cardiac sounds were completely submerged bj the tre- 
mendous roar emanating from the fistula Deep pressure ;ust above the inner end of the 
clavicle again modified the bruit but did not obliterate it Blood pressure readings in 
the left arm w'ere 125/55, right arm 122/55, pulse 90 On partially closing the fistula by 
painful digital pressure, the pulse dropped from 90 to 82 and the general blood pressure 
rose from 125/55 to 142/80 Despite the obvious increasing deleterious effects of the 
fistula, he again left the hospital without operation — the surgeon being impressed b} the 
apparent impossibilitj of operating successfully upon a fistula lying presumablj" betw'eeii 
the innominate vessels In May, 1937, a right inguinal hernia w'as repaired under local 
anesthesia 
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In April, 1939, he was referred to the Stanford Surgical Clinic His story, since 
1936, had been one of increasing breathlessness and easy fatigability, increasing dyspnea 
and palpitations on exertion, inability to work for two jears, noctural dyspnea for two 
years, transient edema of the feet for two years, which finally became permanent foui 
months ago when the edema extended upward to involve both thighs and, in the past two 
months, the abdomen as well Dizzy spells and a persistent cough had also accompanied 
the increasing dyspnea He had noted also a progressive weakness of the right arm and 
hand, which became quite purple and cold when all other extremities were pink and 
warm When first seen on this admission he showed all the evidences of an advanced 
cardiac decompensation He was markedly dvspneic, even while lying in bed His face 
was cyanotic, the tissues everywhere slightly edematous, his lower extremities hard and 
indurated with edema, his abdomen prominent due to an advanced ascites (Fig 7) There 
was marked venous distention of the cervical veins on the right, with visible pulsation 
in one small venous branch, and a vigoiously pulsating carotid artery A continuous 
thrill and bruit could be easily made out over the right upper chest and neck, most promi- 
nent just over the medial end of the clavicle The heart was greatly enlarged with evi- 
dence of rales and increased dulness at both pleural bases The urine showed no abnor 
mahties The plasma protein was 54 mg, the albumin 33 mg per 100 cc The follow- 
ing examinations were of more than usual interest (Table HI) 

Table III — Cuse 18 


BEFORE OPERATION 


Dale 

Weight in 

WBC 

R BC 

Hb 

Pulse 

Blood Pt 

‘ssure 

Vital 

Circulolion Time m 

Venous Pressure 

Icterus 

Blood 

Kg 

Right orm 

Loft arm 

C.C 





Index 

cc 

A 8-33 

77 2 




90 

140-80 

140-80 








11-13-36 

66 




90 

120-55 

125-55 








4-18-39 

79 

10,260 

5 25 

105 

120 

142-86 

130-78 

1900 

30 

25 

18 

20 5 

14 

8080 

4 24 39 

62 5 

7,200 

5 55 

warn 



118-64 

2900 

28 

30 

15 

ml 



4 27-39 








3100 





8 

7700 

5-2-39 



Bl 

92 

82 

118-60 

122-64 

3200 

27 

27 

13 5 

10 5 



5 - 9-39 

62 2 





116-58 

116-58 







7560 


ELIMINATION OF FISTULA 5-10-39 


5 10-39 

■ 

■ 

5 21 

5 28 

98 

100 

80 

■ 

114-74 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

5 - 11-39 

■ 

■ 

48 

4 97 

91 

97 

80 


140-60 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

5 12-39 





80 


134-70 








5-13-39 





84 


132-80 








5-15-39 





64 


130-80 






wm 


5 16 39 





78 


134-84 








5-17-39 





80 


140-90 








5-18-39 

58 








30 

TP 

20 

8 


6380 

6-7-39 

63 




80 

78-7 

124 66 

3300 






5375 

6 12-39 









27 

15 

El 

10 



6 19-39 





88 


104-68 






8 


8 28 39 

69 

12,300 

4 98 

97 

80 

72-58 

120-58 

2000 

15 

10 

10 

10 

2 



Complete rest in bed for eight days resulted m a remarkable recovery from the 
advanced cardiac decompensation on admission, as shown by the disappearance of his 
peripheral, pulmonary, and abdominal edema, a reduction of 17 4 Kg m weight a fall 
m general venous pressure, a fall in general blood pressure and pulse, a reduction m 
cardiac size and in the size of the liver, and a slight decrease in total blood volume 
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Following three weeks’ rest in bed, the patient was considered read} for operation 
Medication during this time, in preparation for operation, had been as follows A high 
caloric, high vitamin diet, limitation of fluids to 1,500 cc daily, digitalis 0 6 Gm daily 
for tw'O days, teleostol vitamin capsules tw'o daily, betaxin 10 mg daily, and mercopurm 
2 cc intravenously on four occasions 

Opctahon — Ma} 10, 1939 Cvclopropanc anesthesia Because of the large blood 
volume and the possibility that closure of the fistula might result m an orerdistention 
of the cardiac chambers w'lth consequent failure, the left thigh W'as draped to expose the 
saphenous vein for venesection and for the withdrawal of blood if necessary Evidence of 
such overdistention would have been a fall m blood pressure and increase m pulse rate 
on closure of the fistula instead of the usual increase m blood pressure and fall m pulse 
rate The maccessibilitv of the fistula had prevented ascertaining the exact effect of 
closing the fistula before operation The incision was made m the folds of the skin from 


/A. aternocleidomasloKl 


JisIuIa cloicd wilb 

■ Sulures 


Vinlcmal 

rl and divided 



Clavicle 


i^TIsIuIol doled 
co obd 

A innorriinato 
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Tic S — Caiic 18 Conditions disclosed at operation for snbclaMan iiigiilar fistula of six and one 
half >ears duration ristiila eliminated hj sutures in fistula itself hj liRition of subcla\ian arterj in 
Its first portion by ligation of jugular aein distal and proximal to fistula, and bj ligation of subclasian 
vein to balance the ligation of subclavian arterv No impairment of nutrition of the arm occurred 


the outer third of the clavicle to the left border of the sternum A subperiosteal resec- 
tion of the inner tw'O-thirds of the clavicle was carried out Scarring of the undersurface 
of the clavicle at the junction of the middle twm-thirds indicated the site wdiere the bullet 
had passed under the clavicle The upper portion of the manubrium, together with the 
cartilaginous parts of the first and second ribs on the right, w'as removed A hugeh 
dilated innominate vein (Fig 8) w'as identified and paitiall} isolated, but the extreme 
thinning of its W'alls made its complete mobilization hazardous Arterial blood w'as seen 
swirling vigorously through this vein The innominate artery was isolated for tape con- 
trol if necessary, follow'ed b} mobilization of the subclavian artery m its first portion, 
and m its third portion The jugular vein w^as isolated, ligated and divided m the mid- 
portion of the neck Reflecting this vein and mobilizing it dowm to its junction wuth the 
subclavian vein revealed the fistula as a short 5 Mm wide tract running from the su- 
perior surface of the subclavian artery to the medial surface of the jugular vein (Fig 8) 
It was thought that a ligature could be applied to the fistulous tract if properly isolated, 
but m attempting to free it, the fibrous wall of the fistula w'as torn, causing a rather 
alarming hemorrhage which was controlled bv digital pressure The subclavian artery 
was then permanently ligated in continuity in its fiist portion with braided silk, as w'as 
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the jugular vein at its entrance into the innominate The rents in the subclavian artery 
and m the jugular vein were completely closed by interrupted sutures of silk Because o 
the permanent ligation of the subclavian artery, it was thought necessary also to ligate 
the accompanying vein Accordingly, the subclavian vein in its third portion was igated 
in continuity The thrill, bruit, and bleeding were thus all effectively controlled The 
wound was closed in layers Despite the six-hour operation, the patient at the end of it 
was in excellent condition, pulse rate 84, blood pressure 102/70, whereas at the begin- 
ning of the operation the pulse rate was go and the blood pressure 110/60 Immediately 
following ligation of the subclavian artery, the pulse rate dropped from 106 to 82 and 



Fig 9 — Case 19 Cardiac silhouettes in the presence of a popliteal fistula of ten years’ duration 
(a) At Its inception (h) In *^he presence ot marked cardiac decompensation (c) Following three 
weeks of complete rest there was no improrement (d) Complete restoration to normal, two months 
tollowing elimin ition of fistula 


the blood pressure rose from 90/60 to 120/74 No fluids were administered either during 
or after the operation, subcutaneously or intravenously The closure of the fistula had 
the effect of providing a large autotransfusion of blood, thus accounting for the good 
condition of the patient 

One-half hour after his return to the ward a definite pulse could be felt in the right 
w rist, and at no time was t’-’cre any apprehension about the circulation of the hand and 
arm The blood pressure at this time was 1 14/74, Pulse rate 80 There was a definite 
Horner’s sjndrome on the right, indicating that in the course of the operation the 
cer\ ical sj mpathetics had either been severed or had been included in the ligatures At 
10 p M , the hemoglobin had increased from a preoperative reading of 91 per cent to 100 
per cent, and the red cells had increased from 5 r million to 5 28 million, dropping again 
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the next morning to 93 per cent and 473 million This temporary concentration of the 
blood elements is explained on the initial correction of the increased blood volume bj an 
elimination of excess plasma Two days after operation an icteric tint of the skin ap- 
peared, and his icterus index was 12, suggesting tint the second correction of the in- 
creased blood eolume was taking place, namely, a destruction of the red cells 

The patient rapidly recovered from his prcMous dvspnca and was discharged on 
the twelfth postoperatne day, with instructions to remain m bed for two wrecks while 
the previouslj- hugelj dilated heart recovered to normal size He reentered the hospital, 
August 28, 1939, at w'hich time he considered himself pcifectlj well The Horner’s 
syndrome w'as still piesent on the right He had gained 12 pounds in weight since hn 
operation m Alay Other postoperatne studies are recorded in Table HI The marked 
reduction in blood volume corroborated our experimental observations 

Case 19 — W J, male, age 24, was admitted to St Luke’s Hospital, November 7 
1939, with a sw’elhng of the left leg and abdomen, shortness of breath, and anorexia of 
one month’s duration A letter from the San Trancisco Hospital stated that the patient 
had been admitted to that hospital, December 23 1029, with a gunshot wound of the 
left thigh At that time a diagnosis of artenoeeiious fistula waas made A roentgenogram, 
January 10 (Fig 9a), show'ed that “the heart shadow's were within normal limits, and 
the lung fields were clear” He was discharged, Januarv 25 He was readmitted to the 
same hospital, February 17, 1930, at which tunc a diagnosis of ,irterio\ enoiis fistula was 
again made, but he w-as discharged to await the development of collateral circulation 
His illness on admission to St Luke’s Hospital in No\ ember, 1939, was described as 
follows One month previously the patient began to ha\c sharp, sudden, stabbing paiii' 
in the left hypochondriac region, which were pronijitlj followed b\ swelling of the ankles, 
legs, thighs, and abdomen Aftci two weeks in bed he attempted to get up, onlj to ha\e 
the swelling reappear 111 his legs and abdomen Duiing the preceding three weeks he had 
been exceedingly short of breath until he was unable to sleep King on his back Onh 
small amounts of food were eaten because of epigastric distress Three weeks pre\iously 
he also began to be troubled with a deep, tight, unproductive cough The patient stated 
that since the gunshot wound in 1929 he had led a \erv actnc life, participating m maiii 
sports 

Physical Examination — Pulse 94 respirations 26, temperature 36° C, blood pres- 
sure 136/76 Chest showed absent breath sounds, dulness to percussion, and absent tactile 
fremitus over the entire left lower chest anteriorh and postcriorh Breath sounds on the 
right W'cre loud and In perresonant to percussion, suggestne of a compensatorj cmpln- 
sema The apex beat W'as 3 cm outside the nipple line There was a sjstohc thrill 
2-3 cm to left of nipple Rhjthm was irregular with a suggestion of gallop rlnthm 
There w'Cre no distinct murmuis The abdomen was quite distended, with shifting dulness 
in the flanks (Fig 10) He was tender throughout to deep palpation and particularly 
tender over the liver Both legs show'cd extreme edema There was a bullet scar on the 
medial surface of the left thigh 6 cm above the knee, the wound of exit being i cm 
low'er on the posterolateral surface There w-as a loud, coarse, continuous bruit heard 
over the entire left thigh, loudest immediately o\er the bullet scar on the medial surface 
There w'as a distinct continuous thrill felt over this same area Venous pulsations were 
observed in the low'er leg and foot 

The patient stated that eight months previously he had been accidentally stabbed 
wath a bayonet by a small boy, about 3 cm above the left costal margin in the nipple 
line, the blade penetrating about 3 cm Following this he had had pleurisy for a w-eek 
w'lth apparently no trouble thereafter 

On November 12, 1,420 cc of lellow', clcai fluid were removed from the left chest 
In this fluid there w'ere 625 white blood cells per cc Revolta test w’as positive Specific 
gravity was 1,013 This fluid was cultured and show'ed no growth On November 28, 1,060 
cc of fluid W'ere removed On December 2, 250 cc of blood3', turbid fluid were removed 
from the left chest On December ii, 500 cc of bloodj' fluid w'ere removed Following this 
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last thoracentesis, the patient developed a high temperature A pericardial friction rub 
could be heard thioughout the cardiac cycle, and there was a pleural friction rub to be 
heard on inspiration in the third and fourth interspaces 2 cm to the left of the sternum 
On November 15, despite one week’s rest in bed, there were still a large amount of fluid 
m the abdomen, marked edema of the right lower leg, and e^ en more edema of the whole 
left leg 

On Novembei 20 the following obsei\ations as to general blood pressure and pulse 
were made Fistula open, BP 138/90, pulse 92, immediatelj after closing fistula, 
BP 190/106, pulse 72, duimg the continued compression of the fistula, BP 150/100, 
immediately on opening the fistula, B P 110/60, with prompt rcco\erj to 138/76 From 
this date until time of operation the fistula was closed three and four tunes daih for periods 
of ten to 20 minutes watli the hope of reducing the amount of blood flow ing through the 
fistula and enabling the tissues aiound the fistula to contract Following this date, sahr- 
gan was administeied three times — 2cc on November 23 , i cc on No\ ember 26 , and i cc 
on November 29 There w'as prompt improeement in manj respects 

On Novembei i, his red cells numbeicd 3,900,000, white cells 10,000, and hemo- 
globin was 84 per cent On November 22, red cells numbered 4,100,000 and hemoglobin 
W'as 78 per cent On Noe ember 25, his red cells had increased to 5,000,000 and hemo- 
globin was 83 per cent On December 26, the dav before operation, the red cells num- 
bered 4,300,000 and hemoglobin was 81 per cent On Januire 3, the red cells numbered 
5,500,000 and hemoglobin w'as 87 per cent On Jainiai} 7, red cells numbered 5,000,000 
and hemoglobin was 84 per cent 

The follow'ing studies in vital capacity were made On December 12, it w'as 1,650 cc , 
December 26, 2,620 cc (54 per cent of normal) , Jainiaij 10, after closure of the fistula, 
4300 cc (90 per cent of 1101 mal) 

An electiocardiogram, November 10, showed the follow'ing Pulse rate 100, pr 
interval 0 14 second, q r s noi mal, amplitude and duration slight right axis deviation 

By Decembei 10, a remarkable diminution in the peripheral edema had occurred, m 
fact, the left thigh looked slightlj smaller than the right, indicatne of slight muscular 
atrophy Seien inches abo\e the uppei boidci of the patella, the right thigh measured 
i 8}4 inches, the left thigh iS inches Nine inches below' the upper border of the patella, 
the right lower leg measured 12}^ inches, the left lower leg 13J/2 niches A good pulse 
could be felt in the posterior tibial and dorsalis pcdis arteries on both sides On closing the 
fistula by digital compression, the posteiior tibial pulse disappeared on the left, but the 
color of the foot remained good With the fistula open, pulse was 96, blood pressure 
118/72 On closing the fistula, blood pressuie was 134/90, pulse rate 76 The tremendous 
increase in blood pressure obtainable on November 20, on closing the fistula, was con- 
spicuously absent On palpation the right femoral artery had an apparent diameter jus<^ 
below' the inguinal ligament of 5/16 inch, the left femoral artery measured 10/16 inch 
in diameter On the day befoie operation, the blood pressure was 130/76, pulse 
86, w'lth the fistula open, wath the fistula closed the blood picssuie w'as 142/86, pulse 80 

Opeiafton — December 27, 1939 The patient was placed on his left side w'lth the 
right thigh complete!} flexed on the abdomen No tourniquet w'as used A long incision 
W'as made paralleling the artery and the posterior border of the sartorius The gracilis 
muscle W'as displaced posteriorly The long saphenous neive w'as mobihved and displaced 
posteriorly The tendinous portion of the abductor magnus thiough w'hich the arter\ 
passed was mobilized and divided in zigzag fashion The arteiy and vein w'eie hugely 
dilated down to the popliteal space The fistula lay at the ver} apex of the popliteal 
space just 2 cm beyond the emergence of a very large anastomonica magna (Fig ii) 
The artery proximal to the fistula had a diameter of i 8 cm, the vein pioximal to the 
fistula w as 22 cm in diameter Beyond the fistula the artery w'as 9 Aim in diameter, the 
vein 2 cm in diameter Fortunately, it w'as possible to ligate the artery just beyond the 
anastomonica magna A quadruple ligation w'as performed and the fistula excised Fol- 
lowing excision, a definite, though slight, pulsation could be seen m the stump of the 
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distal artery The proximal artery was ligated twice, first with a large bi aided silk, and 

secondly with a transfixion suture of medium silk 

The following observations as to blood pressure and pulse were made during the 
operation Fistula open, BP 115/60, pulse 88, proximal vein closed BP 130/70, pulse 
90, proximal vein reopened, BP 118/62, pulse 100, proximal artery closed, BP 
122/70, pulse 70, artery open, B P 108/56, pulse 100, proximal artery and vein closed, 
B P 134/72, pulse 80 Following excision of the fistula, B P 130/74, pulse 90 

Following the operation, the color of the left foot was good The BP at i 00 p jr 


Pre operative 



was 110/70, at 2 00 PM, 122/82, at 3 00 pm, 122/82, at 4 00 pm, 112/70, at 
5 00 PM, 110/68, at 6 00 PM, 124/84, at 8 00 PM, 116/86 On December 28, BP 
134/82, pulse 80, on January i, B P 140/90, pulse 70, on January 3, B P 140/go, pulse 
80, and on Januarj 8, B P 134/96, pulse 80 On January 8 the apparent diameter of the 
left femoral artery was 9/16 inch, right femoral artery 6/16 inch The circumference of 
the lower leg, nine inches below the upper border of the patella, w^as 12^2 inches on the 
left and 12 inches on the right The circumference of the thigh, seven inches above the 
uppei border of the patella, was 16^ inches on the left and i6j4 inches on the right 
The w'ound healed pa pi mam The patient w'as allow ed out of bed, Januar3. 10, and 
W'as discharged from the hospital, January 14, 1940 

Case 20— B C, age 15, entered Stanford Hospital, June 14, 1939, for an arterio- 
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venous fistula of the left brachial vessels following an accidental gunshot wound ten 
weeks pieviouslv The 22-cahbcr bullet entered the left upper arm two and one-half 
inches below' the aMllar^ fold on the medial surface, and emerged postenorlv, miracu- 
louslv avoiding the bone Se\eic bleeding occiii red, but bj the time the boj reached the 
hospital, one and one-lnlf hours later all external bleeding had ceased The arm itself, 
how'evei, piomptly swelled to twice its normal si7c As this swelling slowlj disappeared, 
during the follow'ing four weeks, the patient noted a graduallj increasing thrill over the 
site of the injurj He also noted an increased pounding of his heart, particularh w'hen 
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Tic 12 — Case 20 Conditions at site of liracliial fistula of ten weeks dtir ition Quadruple ligation in 
coutimuts to aioid am possible iiijur> lo close Ijing iients 


he la}' quietly m bed There w'ere no other svmptoms He had been able to play tennis 
w’lthout dyspnea 

Physical E\amtnation — The patient w’as a robust, health} appearing young man 
The left upper arm w'as slightly larger than the right, a loud bruit could be heard o\cr 
the brachial vessels extending dow'ii tow'ard the elbow, and upw'ard as far as the base of 
the heart There was no distention of veins The heart w'as slightl} enlarged, the apex 
beat being 2 cm outside the nipple line in the fifth interspace The thrill and bruit w'ere 
easily stopped by pressure over the site of injury, the closure of the fistula being accom- 
panied by a rise m blood pressure from 112/70, pulse 84, to 122/84, Pulsc 63 A pre- 
operative total blood volume of 6,360 cc was determined, w'hicli w'as approximately 
600 cc greater than w'ould be predicted from his weight of 64 i Kg and his surface area 
of I 74 sq M The consistent increase m blood pressure and fall in pulse rate on closing 
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the fistula vere interpreted as indicating a large fistula that would not heal spon- 
taneousb', and operative elimination of the fistula was advised 

Opel af ton June i6, 1939 Under gas anesthesia, a longitudinal incision was made 

over the brachial vessels Considerable matting together of all structures, including the 
vessels themsehes, the median, ulnar, and musculocutaneous nerves (Fig 12a), made 
identification of structures difficult, but by working zvitJwuf a tourniquet the pulsating 
artery and full vein rendered the isolation of these structures easier The musculocuta- 
neous nerve lay flattened out immediately over a small aneurysmal swelling projecting from 



Fig 13 — Case 20 At the second operation, following reactivation of the 
brachial fistula it 's\as found that the lumen of the brachial artery, proximal 
to the fistula, had been reestablished In the ligature cutting through the ar 
tenal uall proiidmg a lumen 314 Aim in diameter the original artera 
haaing a diameter of lo Aim Simple excision of the previous ligature and 
ligation cured the fistula 

the vein The proximal arterj' was dilated to i cm m diameter, the distal artery having 
a diameter of only 3 Aim Because of the matting together of the nerves and vessels, 
particularly in the region of the fistula, it was decided to perform a quadruple ligation 
of the vessels m continuity, and not to excise the fistula for fear of severing important 
nerve fibers Following ligation of the four cardinal vessels with silk, all evidences of 
the fistula were absent The wound was closed without drainage At the operating table, 
just before dosing the fistula, BP was 138/60, pulse 84 Following hgation of the 
vessels, BP rose to 144/80, pulse 76 The following dav, BP 136/86, pulse 68 On the 
sixth postoperative dav, BP 130/70, pulse 72 Healing pci pninain occurred, and the 
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patient was dismissed from the hospital on the tenth postoperative day, apparently cured 
of his fistula, and with a fair radial pulse Si'^ days following the operation a total blood 
volume of 6,000 cc was found 

E\actl> three weeks after the operation, he was again examined, and to our utter 
amazement (and chagrin) a thrill and biuit were again present Pressure on the pulsat- 
ing artery proximal to the site of the fistula caused the bruit to disappear Localized 
pressure with a small pad over this vessel for se\eral weeks did not affect the bruit 
Accoidmgly, on August 22 the wound was reopened and to our surprise the silk ligature 
was found to have partiallj cut through the wall of the arterj proximal to the fistula, 
reestablishing the lumen of the vessel and, therebj, reactivating the fistula (Fig 13) 
The vessel w'as again ligated, and the segment containing the prcMOUs ligature excised 
Complete and permanent disappearance of the thrill and bruit followed The lesson is 
obvious When pei forming quadruple ligation in those instances where excision of the 
fistula may not be feasible or desirable, the mam proximal arterj should be ligated not 
in continuity but ligated and divided 

Blood pressure studies w'cre again instructne On admission 108/60, pulse, 76, 
two hours follow'ing rehgation of brachial artery 124/70, pulse 70, first day post- 
operative 124/74, pulse 82, second day postoperatn c 130/76, pulse 70, third da> post- 
operative 130/80, pulse 70, fourth daj postoperatn e 120/66, pulse 80 

Case 21 — B P, coloied, male, age 10, was admitted to the San Diego General 
Hospital, August 13, 1939, 24 hours after an accidental gunshot wound of the left groin, 
the 22-cahber bullet entering at a point midwaa between the sjmphjsis and the anterior 
superior spine about one inch abo\e the inguinal ligament and emerging in the gluteal 
fold of the left buttock Onlj a minimal amount of bleeding occurred On examination, 24 
hours after the accident, there was but little local swelling, the w'ounds of entrance and 
exit were small and closed, but a palpable thrill and audible bruit were most pronounced 
over the site of injury The heart measured ii 7 cm in trans\crsc diameter Red blood 
cells numbered 2,250,000, hemoglobin 67 per cent He was discharged August 22, the 
thrill and bruit being still present 

On readmission, September 15, the heart had increased to 125 cm m diameter, there 
was now' a soft sastohe murmur audible o\er the entire precordium, which was absent 
before The led cells now' numbered 3,330,000, hemoglobin 56 per cent The thrill and 
bruit w'ere, if anj thing more audible than before He was discharged, October 3 

On November 9, he was readmitted for operation, which was performed bj me and 
Dr Thomas O’Connell, November 15 Preoperative studies demonstrated a heart still 
enlarged, with the systolic murmur still present oicr the entire precordium The red 
cells numbered 4,820,000, hemoglobin 88 per cent A total blood aolume of 2,875 cc w’as 
determined Blood pressure W'as 122/60, pulse 90 On closing the fistula by compression, 
the blood pressure increased to 130/80, pulse 80 

Opoafwn — November 15, 1939 A cuived incision w'as made paralleling the inguinal 
ligament for about 10 cm and then continuing down the inner aspect of the thigh for 
6 cm (m order to avoid crossing the creases of skin in the groin) , the common femoral 
aitery and vein w'ere first isolated for temporary closure if necessary As the dissection 
of these vessels w'as cairied distally, it was found that the fistula laj betw'een the common 
femoral artery just ojiposite the deep femoral branch and the superficial femoral vein 
Its excision w'as accomplished (w'lth considerable difficult\ due to deep venous bleeding 
requiring several transfixion sutures) by ligation of the common femoial artery, the deep 
femoral arteiy, and the superficial femoral arter\, and by ligation of the supeificial 
femoral vein pioximal and distal to the fistula, and the deep femoial vein Before liga- 
tion, the common femoral aitery measured 9 Mm in diameter, the superficial femoral 
artery 4 Mm , and the deep femoral arteiy 2 Mm In the excised state, the common 
femoral artery measured 4 Mm in diameter, and the fistulous rent in the artery 4 Mm in 
diameter One may infer, therefore, that in the distended, or living state, the fistula had a 
diameter approximately equal to the size of the artery, or about 9 Mm 
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Following excision of the fistula, the pulse dropped from 130 to 104 One hour after 
the operation, the pulse was 130, blood pressure 124/50 Twenty-four hours later the 
blood pressure was 118/82 A rapid diminution in the size of the heart occurred, its trans- 
\erse diameter on November 24 being 106 cm, as compared to a preoperative diameter 
of 12 3 cm A total blood volume determination showed a decrease of 300 cc following 
removal of the fistula The wound healed pei pnmam, and at no time was there any 
doubt of the adequacy of the circulation of the extremity, which is rather extraordinary, 
considering the number of large vessels ligated The reason, undoubtedly, lies m the 
stimulus to collateral circulation provided by the decreased peripheral resistance at the 
site of the fistula 


STOIMABY OF CLINICAL OBSERVATIONS 

In analyzing these clinical experiences, the following points may he 
emphasized 

(1) Complete cardiac decompensation with peripheral edema, ascites, 
hydrothorax, and extreme dilatation of the heart may be completely corrected 
with return of the heart to normal size by the elimination of a peripheral 
fistula (Cases i8 and 19) This dilatation involves not only the heart but 
the great vessels at the base of the heart as well, as demonstrable by 
roentgenograms before and after elimination of the fistula (Cases 15, 16, 18, 19) 

(2) Early evidence of the malign influence of a fistula upon the circula- 
tion — even before dilatation of the heart is detectable — is the behavior of the 
blood pressure and pulse following closure of the fistula by digital pressure 
An increase m blood pressure and a fall m pulse rate, even though both are 
small, indicates that the fistula is large and is one which is not likely to close 
spontaneously, but is almost certain to produce increasing deleterious effects 
upon the circulation (Cases 13 and 17) In Case 18, failure to heed this 
evidence, first in 1933, when tiie heart was normal, and again in 1936, when 
the heart was beginning to dilate, led to a complete cardiac failure with great 
cardiac dilatation in 1939 

(3) This increase in blood pressure and fall in pulse rate is the first 
evidence that the circulatory bed through \\ Inch the short-circuited blood flows 
IS beginning to dilate, even though such dilatation may not yet be detectable 
by the usual means 

(4) The extent of the increase in blood pressure and fall in pulse rate 

depends upon the duration of the fistula, and is commensurate with the extent 
of the dilatation of the heart and vessels proximal to the fistula, being least 
111 the fistulae of short duration with no or slight cardiac dilatation (Cases 13, 
^ 4 > ^ 7 > 21), and greatest in the fistulae of long duration with gieat 

cardiac dilatation (Cases 15, 16, 18 and 19) 

(5) A temporary but great increase m blood pressure and fall in pulse rate 
may occur immediately following the elimination of a fistula by operation, 
provided the operation is performed as a physiologic experiment without loss 
of blood (Cases 15 and 16) Despite prolonged operations, 4-6 hours long, 
the blood pressure at the end of the operation was higher and the pulse 
slower than at the beginning, due to an auto-transfusion from circulating 
blood wdiich had increased in volume during the presence of the fistula (Cases 
15, 16, 17, 18, 20) 
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(6) This tempoiari]}" gieat increase in blood piessuie and fall in pulse 
Kite on closing a fistula aie dependent upon an incicase in total blood volume, 
which IS an inevitable accompaniment of a fistula of laige si/e and long dura- 
tion In Case the blood volume dioppcd fiom 7,200 to 6200 cc aftei the 
lemoval of the fistula and in Case 16, the blood volume diopped fiom 5,000 
cc to 4,200 cc aftei climincilion of the fistula PiOth cases showed inaiked 
caidiac dilatation and niaiked effects upon blood piessure and pulse, upon 
closing the fistula A less maiked effect on blood ]iicssuic and pulse occuiied 



Fig 14- — Aninnl 8 Roentgenograms of lieirt following estniblislinicnt of tu Tortn \eni ctm fistiiW 
Cn) 10 45 AM, jiist before opening the /istiih (b) ii 13 \m 15 minutes nftcr opening fistuh (c) 
I 30 1 M (d) 4 00 p M At 6 I M the niiiiinl died ts the result of tlic fistiih 


in Cases 20 and 21, in which the blood volume was reduced only 300 cc 111 
each case follownng elimination of fistulae of slioit duiation In case 18, 
blood volume was 1 educed fiom S080 cc to 7560 cc by collection of the caidiac 
decompensation and fiom 7560 cc to 5375 cc by elinnnatioii of the fistula 
(7) The increased blood volume is 1 educed niiniechately following opera- 
tive removal of a fistula by a reduction ill the plasma as shown b}^ iiici eased 
urinary output (Case 16), and by a conceiitiatioii of the led cells and heiiio- 
globni in the blood (Cases 15. r6, 17 and 19) In Case 2r, a marked dilution 
of blood followed the establishment of the fistula which w^as giadually coi- 
rected to piactical 1101 nial figmes 
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(8) This iiici eased blood volume may lesult m a liansient ovei distention 
of an alieady dilated heait following closure of a fistula by opeiation, due to a 
redistribution of the circulating blood, the volume of blood formerly diverted 
thiough the fistula into the capacious venous system now filling the central 
arteiial bed (Cases 15 and 16) 

(9) Eight cases of peripheral fistulae weie eliminated by excision or 
ligature of segments of the mam vessel to a limb without any evident effect 
upon the viability of the tissues beyond the hgatuie In Case 21, the com- 
mon femoial, deep femoral, and stipeificial femoral arteiies were all ligated 



Tic 15 Pup 1 Vnnations m cardiac silhouette in animal that survives production of an aorta vena 
cava fistula — an initial decrease in size is quicklv supplanted bj dilatation 


Without impaiimeiit of nutrition 01 function of the leg This is explicable 
on the basis of the stimulus to collateial cnculation provided by the area of 
diminished peiipheial resistance at the site of the fistula, which attiacts blood 
to It through all available channels 

(10) When quadruple ligation of the vessels proximal and distal to the 
fistula IS indicated, it v ould be desirable to ligate and divide the artery proxi- 
mal to the fistula lather than to ligate it m continuity In Case 20, the fistula 
^\as reactivated by the ligature cutting thiough tlie aiterial v^all and theieby 
leestabhshing the lumen of the artery 
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EXPERIMENTAL OBSERVATIONS 

Animal 8 — Pemale, adult dog, ^vclgllt g Kg An aorta \cna ci\a fistula was establishtd, Januarj 
24, 1939 aorta 65 Mm in diameter, aena ca\a 85 Aim 111 diameter, fistula 55 Aim long Before 
opening the fistula (10 45 A M ) a roentgenogram of the chest a\as tahcii — pulse 120 At ii 15 am 
a second roentgenogram slioucd a slight diminution in cardiac sire — pulse 120 At 1 30 p si the 
cardiac size was e\en smaller — pulse 132 — and it 4 00 i si the heart uas remarkahl> smaller — pulse 
200 (Pig 14) At this time there uas marked edema of hoth lower extremities The animal died at 
6 r M two liouis latei 

Pup I — Male Height 9 Kg On Kotenihcr 29 1938 an aorta icna caia fistula his established 
aorta 6 Mm in diameter \ena ca\a 8 Aim in diameter, fistula s Aim long The pulse rate ssas 
immediatclj accelerated fioni 120 to 172 on cpening the fistula 

According to roentgenogrants (Pig 75), a slight diminution in the cardiac shadow occurred 
immcdiatclj aftei the opening of the fisttil i, hut within 24 hours the heart had rccoiercd its original 
size followed in the succeeding months hj a triilj enormous enlargement of the heart At all times 
after the establishment of the fistula, good femoral pulsations were present on hoth sides On April 
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Giisrii I — Pup I Ksmograplnc record showing marked elesation 
of blood pressiiie and reduction in pulse rate on closing an aorta \cna 
ca\a fistula of ii months’ duration Blood \olunie in this pup was 
i,SSO cc as compared to 960 cc in litter mate control 

24, 1939, the pulse rate was 192, respirations 52 the heart was aeij much enlarged and there was 
great djspnea on exertion On Noeemher 7, 1939 the animal was in much hettei condition, there 
was no edema no ascites good femoral pulsations were palpable large \eins were \isihle orer the 
abdominal wall and a loud bruit was audible over the lower abdomen On tins date, approximate!} 
one jear aftei the establishment of the fistula the carotid arter} was cannulized to obtain a con 
tinuous rccoid of the blood piessure The fistula was exposed and closed h} compression Immediatel} 
there was a most pronounced increase in blood pressure and a fall 111 pulse rate (Graph i) AnaI}Z 
ing this k}mograpliic record, we find that closure of the fistula increased the mean s}stolic pressure 
from 186 to 236 Aim Hg immediatel} after closing the fistula, dropping to a level of 212 Aim Hg 
as long as the fistula remained closed, falling prccipitatel} on opening the fistula to 140 Aim Hg , but 
recovering promptl} within a few beats to the previous level of 18G Aim Hg A^'anations in pulse 
rate paralleled these changes in blood pressure The animal was killed, and examination revealed an 
aorta dilated from the heart to the fistula and a greatl} dilated vena cava from the fistula to the 
heart The heart almost filled the chest The fistula admitted a bougie having a circumference of 
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Trc i6 — Roentgenograms of three litter mates following injection of circulator} s}stem with bismuth 
o\}chloride (a) Normal heart aorta, and \ena cava of control animal (b) Moderate dilatation of 
heart, aorta, and vena cava following establishment of aorta vena cava fistula, which at death proved 
to be 12 Mm in circumference (c) Great dilatation of heart aorta, and vena cava incident to fistula 
i8 Mm in circumference These injections prove that the dilatation involves the entire circulatory 
s}stem through which the short circuited blood passes, namel}, the aorta from heart to fistula, the vena 
cava from fistula to heart, and all chambers of the heart 



/ ^ I/— The dilatation of the heart is commensurate with the size of the fistula 

(a) Heart of control dog, weight 74 Gm (b) Heart ot Pup 2 with an aorta vena cava 
fistula 12 Mm in circumference weight 123 Gm (c) Heart of Pup i with an aorta vena 
cava fistula 18 Mm in circumference weight 176 Gm 

All animals from the same litter and approximate!} equal in size and weight 
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i8 Hm The circulitorj s>stem was injected with bisnmth o\>cliloride in feum nc icn (Fig id) The 
Iienrt weighed 176 Gm , weight of 'ininnl 11 1 Kg (Fig 17) 

Pup a — jM'iIl weight 83 Kg On December 6, 1938 in 'loitivein caM fistula was established 

aorta 5 Aim in diameter, \ena cava 8 Aim in diameter On opening the fistula the pulse rate rose 

from 132 to 160 On the following da> a good pulse could be palpated in both femoral arteries there 

was no edemi, iiid the puKe rate was 180 \ roentgenogram taken 24 hours after establishing the 

fistula showed a definite decre ise in the si/c of the heart On December 8 1938, the heart had 
rcco\ered its previous size, there was a good femora! pulse to be felt in both groins, and the pulse 
late was 200 The mimal continued in good health until October 27 1939 On this date, the heart 
had increased greatlv in size although not as much as the heart of the litter mate The pulse rate 

was 140 A good femoral pulse could be fdt on both sides and there was no edema The fistula 

was exposed and compressed causing a fall in pulse rate fiom 140 to 104 The animal was killed 
and the circulatory system injected with bismuth oxychloride in gum acacia The aorta and vena 
cava were both dilated from the fistula to the heart (Fig 16) and the heart was greatly enlarged 

The heart weighed 123 Gm , weight of animal joo Kg (Fig 17) From the lesser cardiac enlarge 

ment as compared with Pup i, it was considered probable that the fistula was smaller in this animal 
than in Pup i This proved to be the case The fistula admitted a bougie having a circumference of 
12 Aim as compared with 18 Aim in Pup i 

The control animal was also killed on this date and the heart and circulatory system injected 
with bismuth oxvchlonde (Fig 16) The heart weighed 74 Gm , weight of the animal 116 Kg 
(Fig 17) 

The following obsei rations on total blood volume ni these three litter 
mates weie made 


Anitml 

Dates 

Weiglit 

Blood Volume 

Control 

2/23/39 

10 4 Kg 

950 cc 


8/23/39 

11 6 Kg 

960 cc 

Pup 2 

2/28/39 

10 5 Kg 

I , 190 cc 


9/20/39 

10 7 Kg 

I 210 cc 

Pup I 

2/23/39 

10 0 Kg 

I ,430 CC 


8/23/39 

II I Kg 

1 . 550 cc 


By mathematical computation fiom measuiements obtained m the roent- 
genograms of the injected animals (Fig i6), the follownng approximate 
capacities w^eie detei mined for that pait of the cnculatoiy system included in 
the shoiter fistulous cncuit, including the heait, the aoita fiom heait to fis- 
tula, and the vena cava fiom fistula to the heait 


Control 

Capacity 

200 cc 

Total 

Blood Volume 
960 cc 

Increase in 
Capacity 
as Compared 
to Control 

Increase in 
Total 

Blood Volume 
as Compared 
to Control 

Pup 2 

480 cc 

I ,210 cc 

280 cc 

250 cc 

Pup I 

775 cc 

I .550 cc 

575 cc 

590 cc 


In these thiee litter mates, equal in w'eight and statin e, there w'as a sui- 
piising correlation betw^een the inciease m capacity of the shoitei cncuit and 
the inciease in the total blood volume, both being commensuiate wnth the size 
of the fistula It ma}" be mfeiied that if no demonstiable dilatation of the 
heait 01 of the vessels pioximal to the fistula occuis, theie is probably also no 
demonstiable inciease in blood volume I believe that even small fistulae are 
accompanied by a minoi dilatation of the heait and vessels and by commen- 
surate inci eases in total blood volume, but oui methods are not exact enough 
and oui eyes not keen enough, to demonstiate, and to lecogmze, such minoi 
dilatations and such small inci eases in blood volume It is fieely granted that 
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the dye method is not an absolutely accuiate method of studying blood volume, 
but one cannot ignore these results obtained m animals of the same httei on 
successive occasions, nor can one escape the fact that if there is a consideiable 
mciease m the capacity of the circulatoiy system by dilatation, theie must be 
an increase in blood volume to fill it 




^p^pH 2 — K>moeiapliic record of carotid Mood pressure in the presence 
of bilateral femoral fistulae (A) Both fistulae open, pulse 102 (B~C) Right 

fistula closed, pulse 87 (D-E) Both fistulae open, pulse 98 (F-G) Left 

fistula closed, pulse 82 (H-I) Both fistulae open (J-K) Both fistulae 

closed simiiltTneouslj , pulse 76 (L— M) Both fistulae opened simult ineousl> 

The efttct upon blood pressure and pulse depends upon amount of blood 
duerted into the venous bed 


The Ejects of Bilateial Femoml Fistulae on Aitenal Piesswes — In an 
animal in which bilateial femoial fistulae bad been established, October 31, 
1934, the foiioiMng observations (Giaph 2) r\eie made, June 28, 1938 Undei 
nembutal anesthesia, and with aseptic precautions, the light carotid arteiy was 
cannulized and both fistulae in the groin ^^cle exposed to peimit complete 
closure of the aiteiy pioximal to the fistula On closing llie light fistula, the 
blood piessuic lose immediately fiom 124 Mm Hg (pulse 102) to 146 Mm 
Hg , diopping to a lei el of 136 Mm Hg (pulse 87) as long as the fistula re- 
mained closed On opening the fistula the blood piessuie diopped precipi- 
tately to 118 Mm Hg rising prompth to a lei el of 122 Mm Hg as long as 
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the fistula lemained open Similar figures weie obtained on closing the left 
fistula (Graph 2) On closing both fistulae simultaneously, the pressure rose 
piecipitately to a high point of 156 Mm Hg (pulse 76), dropping to a level 
of 140 Mm Hg as long as the fistula lemamed closed On opening the two 
fistulae simultaneously, the pressuie dropped to a low point of 100 Mm Hg 
foi several beats only, using piomptly to the previous level of 124 Mm Hg 
This was a convincing dcmonstiation of the fact that the physiologic effects 
of opening and closing a peiipheral fistula depend upon the volume of blood 
escaping into the shoitei ciicuit 

The Effects of Bilatool Peiiioial Fistulae on V cna-Caval Pi cosines — On 
Apiil 14, 1939, the animal in which bilateial fcmoial fistulae bad been estab- 
lished three and one-half yeais pieviousl}' was again subjected to nembutal an- 
esthesia and undei aseptic precautions the following piocedures were carried 
out Thiough an incision m the flank the light kidney w^as mobilized, the 
lenal artery w^as ligated, and a glass cannula, connected with an upright glass 
tubing of equal caliber, w^as inscited into the vena cava thiough the renal 
vein The pressure, oscillating wnth lespiiation, was recoided in centimeters 
of water undei the follow mg conditions 

Vena-Caval Pressure in cc of 
Water Var>ing with Respiration 


Both fistulae open 

12 -13 

17 -18 

19 -20 

Right fistula closed 

Left fistula closed 

10 -II 

15 -16 

16 5-17 

Both fistulae closed 

85-9 

12 -13 

15 -15 5 

Both fistulae open 

12 5-13 

15 5-16 5 

18 5-19 


It was appaient, fiom obseivation, that the vena cava was able to accom- 
modate much of the inci eased volume of blood transmitted tbiough the fistula 
under arterial pressuie by an mci eased velocity of flow' How'ever, it was also 
apparent that the vena-caval pressure varied diiectly wntli the volume of blood 
diverted thiough the fistulae, being gieatest wnth both fistulae open, least wntli 
both fistulae closed, and mtei mediate 1 ises m vena-caval pi essure occuri ed as 
one or the othei fistula w'as opened separately 

On Maich 19, 1940, a second dog (Animal 3), in wdiich bilateral femoral 
fistulae had been established on June 30, 1938, w'as investigated as to vena- 
caval pressures Undei moiphme and ethei, a long glass cannula w'as in- 
troduced thiough a lent in the left external jugulai vein dowm into the thoiacic 
vena cava This experiment differed fiom the pieceding experiment in that 
both the abdomen and the thoiax w'ere intact The follow'ing obseivations 
were noted, the vena-caval piessuies oscillating 5 to 10 Mm w'lth respiration 

Vena-Caval Pressure 



in cc of Water 

Pulse 

Both fistulae open 

9 5-10 

108 

Right fistula closed 

65-7 

90 

Left fistula closed 

7 5- 8 

96 

Both fistulae closed 

5 5-6 

88 

Left fistula reopened 

7 5- 8 


Both fistulae open 

9 5-10 5 
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Again It was demonstiated that vena-caval piessure was inci eased in the 
presence of bilateial femoial fistulae, the greatest inciease occiiinng when both 
fistulae weie open Closing one oi the othei fistula loweied the venous pres- 
sure 2-3 cc, wheieas closure of both fistulae simultaneously lowered it 4 cc 

On March 4, 1940, the dog in winch two femoial fistulae had been estab- 
lished on October 31, 1934, vas again anesthetized, the lemammg left renal 
\ein was cannulized for vena-caval piessuies, and the remaining left carotid 
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Conditions at 

Mean Arterial 
Pressures 

Vena Cava! 
Pressures 
cm HjO 


Site of Fistulae 

Carotid Artery 
mm Hg 

1 

Both Open 

136 

13 - 15 

2. 

Left Closed 

160 

9-105 

3 

Right Closed 

156 

85-10 

4 

Both Closed 

182 

6-7 

5 

Both Open 

120 

13 - 14 


Graph 3 — Kjmographic record of carotid arterial pressures dependent 
upon conditions at site of bilateral femoral fistulae of fi\e and one half years’ 
duration Venaca\al pressures obtained by cannulization of renal vein 

artery was cannulized for arterial pressuies (Graph 3) It is evident fiom the 
kymographic record that when both fistulae were open the vena-caval pressui e 
was high, and carotid pressure was low , when both fistulae \\ ei e closed, vena- 
caval pressure was low and carotid piessure was high Intermediate arterial 
and vena-caval pressures were obtained depending on closuie of one 01 the 
other fistula 


873 


EMILE HOLMAN 


Annals of Surcerj 
No\embcr 1040 


From these many observations one may conclude (i) That a rise in 
venous piessure occurs pioximal to an atteiiovenous fistula, and (2) that the 
extent of this use m venous piessuie depends upon the amount of blood 
diveited into the shoitei circuit, and, theiefore, upon the size of the fistula 

SUMMARY OF KYPURIMUNTAL OBSURVATIONS 

In the fiist 24 to 48 houis aftei the establishment of a large ai tei lovenous 
fistula, the heait diminishes m si/e, followed, if the animal survives, by a 
piompt return to noimal, and, subsequently, by a giadual dilatation which 
may be appaient within four to five days 

Death, due to an excessive diveision of blood thiough the fistula, may 
occur, accompanied by a marked diminution m caidiac size 

The dilatation that accompanies an artci lovenous fistula is not restricted 
to the heait, hut affects the vessels involved in the fistulous ciicuit The same 
cause IS lesponsible for both dilatations, an inciease in the volume or bulk 
of blood flowing through that pait of the cii dilatory system thiough which 
the blood shoit-circuited by the fistula must flow, namel}, all the chambeis 
of the heait, the pioximal arter), fistula, and the pioximal vein 

In the growing animal, the dilatation and cnlaigemcnt may be verj gieat 
without evidence of decompensation and ma} be accompanied by pionounced 
hypei trophy It is suggested that when dilatation outstrips hypertiophy 
decompensation occuis, when dilatation is paialleled by a commensuiate 
hypertiophy, great enlargement and dilatation of the heait may occur without 
decompensation 

In a ciucial experiment, involving thiee litter mates of equal v eight and 
stature, one acting as control, one having an aorta-cena cava fistula 12 Mm 111 
circumference, and one having an aorta-vena cava fistula i8 Mm m circum- 
ference, there occurred an increase in blood colume commensurate with the 
size of the fistula 

In the same animals, an mciease in the capacit) of the ciiculatoiy system 
occurred, also commensurate with the size of the fistula The mciease in 
capacit)^ and the increase m blood Aolume closely paralleled each other 
In an animal with bilateial femoral fistulae the mciease m blood pressuie 
and reduction in pulse rate were greatest when both fistulae weie closed 
simultaneously, and consideiably less when eithei fistula nas closed sepa- 
rately The physiologic effect of a fistula theiefoie, cleaily depends upon the 
volume of blood diverted thiough the fistula and, theiefore, upon its size 
The tiansient high systolic and diastolic piessures that persist foi seveial 
days following operative closuie of a fistula aie due to the mciease m blood 
volume that has occurred duiing the existence of the fistula The peiinanent 
elevation of diastolic pressuie is secondaiy to the elimination of an area of 
decreased peiipheral lesistance 

In animals having bilateial femoral fistulae, vena-caval piessuies weie 
highest with both fistulae open, least with both fistulae closed, and mteime- 
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diate piessiues weie obtained on closing one or the othei fistula sepaiately 
Venous pressuies pioximal to a fistula aie deteimined by the yolunie of blood 
diverted through the fistula and, theiefoie, by the size of the fistula 
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Discussion — Dr John Homans (Boston, Mass) I shall addiess 
myself to the paper of Doctois Lee and Fieeman I have wiitten out my 
discussion and I am soiry that I have done so, because the presentation with 
the pictures is so much more vivid and fascinating than I had anticipated from 
reading the paper alone 

The authors have called attention to the development of enlaiged veins 
of a vaiicose type connecting with the malfoimed veins of the long cavernous 
hemangiomata of the limbs I think this is not a very common combination, 
for I have seen four of these patients and only one of them suffered from 
this particular complication That was a case which Dr Aithui W Allen, of 
Boston, very kindly allowed me to see, and that patient, who may, for all I 
know, have suffered discomfoit and even fainting when her veins were 
allowed to fill as soon as she got out of bed, wore, at all times, a very tight 
stocking and kept her veins compressed It would be very interesting to 
know whethei, if she had failed to take caie of heiself, she would have 
developed this same soit of difficulty which Doctors Lee and Freeman de- 
scribe In most cases which I have seen, the enlarged vaiicose vein has been 
an mtegial pait of the angioma, without evident superficial venous connec- 
tions, and has lequired no particulai tieatment except for its unsightliness 
If, however, one attempts to deal with one of these vessels he will discovei 
that there is a very iinpoitant aiteiial communication of some sort, it may 
be by very fine arterial twigs between the surrounding tissues, which are 
very much scarred, and the gieat vein itself On one occasion, I attempted to 
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remove one of these veins and the patient not only hied on the table but bled 
seriously on the succeeding days The wound failed to heal and the patient, 
duiing the next few months, hied a great deal more Finally, it was possible, 
by going to the apex of the lesion, to find the vessel at the point where it 
pierced the deep fascia If I had been able, in the first place, to inject 
a radiopaque substance and had secured a venogram, I should have made 
the whole procedui e easier, but m my case it was possible to determine where 
this opening was, and by incising the deep fascia I finally discovered the 
plexus of large veins beneath it with which this large varicose vein com- 
municated I was then able to do away with back piessure from that source 
and afterwards the use of sclerosing solutions obliterated practically all of 
the serious varicosity 

So I agree with Doctors Lee, Freeman and Reid that the best way to 
attack these conditions is to find the connection with either the supeificial 
varicose veins or with the deeper vessels, and by abolishing that connection 
subsequent tieatment is made veiy much easiei 

For some reason, which I do not understand, the lesions of the upper 
extremities are mucli less common than those of the lower I think de 
Takats has published several cases recently These cases apparently require 
treatment only because the individual is likely to injure the laige vessel or to 
injure the angioma, but, of course, they are unsightly I should think some 
of these could be excised 

Dr James M Mason (Biimmgham, Ala) World War No i greatly 
stimulated inteiest m aiteriovenous fistulae As a result of the many wounds 
inflicted, there was a large amount of clinical material to be treated and 
studied At this period, the fact was also established that cai diovascular 
disturbances resulted fiom the presence of these fistulae, and that these 
disturbances manifested themselves by local, peiipheral, and central changes, 
some of which were not easy of explanation 

The immediate problem of the clinical surgeon was to give lelief, if pos- 
sible, by direct attack upon the local lesion, and to eliminate the fistulae 
Various ingenious, and sometimes ver}”^ difficult, operations have been devised 
for the accomplishment of this pin pose 

It has been the pioblem of the cardiologist, the pathologist, and the experi- 
mental surgeon to investigate such phenomena as the blood pressure changes 
and bradycardiac phenomena observed on opening and closing a fistula, to 
explain the dilatation of the vessels proximal to the fistula, the hypei trophy 
and dilatation of the heart with decompensation and final congestive failure, 
and to account for the extensive collateral circulation which develops about the 
site of the fistula and makes quadruple ligation and excision of fistulae a safe 
operation in cases of long standing 

To the long list of contributors to the lucidation of these pioblems. Doctor 
Holman has added a brilliant piece of experimental ivork directed toward a 
better undei standing of the most serious of these phenomena, namely, those 
that afifect the blood volume, the aiteiial and vena-caval pressure and the 
degenerative changes m the heart 

In giving more careful study to his paper, and in comparing it with 
observations m certain of my clinical cases, I hope to arrive at an explanation 
of the question as to ivhy patients with similar lesions react so diflferently in 
the mattei of cardiac decompensation Three of these have been reported 
(Mason, J M Annals or Surgery, 107, No 6, 1029, June, 1938 Idem 
Ibid , 109, No 5, 735, May, 1939) 

These fistulae resulted from gunshot and stab wounds m the subclavicular- 
axillary region one on the right and two on the left side The wounds 
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were appioxiraately the same distance from the heait and were about the 
same diameter One patient died from caidiac decompensation at the end of 
four days, without other injury oi evidence of disease Autopsy revealed a 
diiect fistula with a wide lumen, between the subclavian vessels The other 
twm cases w^ere undei continuous observation of foui and six months, lespec- 
tively, before being opeiated upon At no time did they show any evidence 
of cardiac enibai rassment 

At operation wdnch, m each instance, consisted of tiansvenous ai tenor- 
rhaphy, each case piesented laige varicosities in the legion immediately adja- 
cent to the fistula, indicating, to my mind, that obstiuction to the fiee return 
of venous blood to the heait had taken place In these twm instances, hyper- 
tiophy may have kept pace wuth dilatation The moie likely explanation, how- 
ever, IS that the cause which resulted in pioduction of the varicosities at the 
exact location of the fistula lesulted in obstiuction to the free leturn of blood 
to the heart, and thereby prevented its ovei filling In a previous communi- 
cation, Holman has reported one case in wdnch simple ligation of the vein 
proximal to the fistula lesulted in obhteiation of the tin ill and caused the 
pulse to drop from 112 to 84 Harvey Stone repoits a similar experience 
Tixier and Ainulf have suggested that pioximal venous ligation, some dis- 
tance from the fistula, he employed in cases of gieat emergency, to relieve 
cardiac embai rassment until such a time as the patient may be able to undergo 
a curative opeiation 

Dr Mont R Reid (Cincinnati, Ohio) Since Doctois Lee and Fieeman 
have referred to two of my cases, I thought it might be mteiesting to give you 
a little more of the story of one whom I follow^ed for 17 years This patient 
came to me as a young giil, age 13, with an extensive angioma of the left 
leg, extending up to the ciest of the ileum, involving the perineum and the left 
labium Hei complaints w^ere fainting on assuming the erect position and 
having frequent attacks of heniaithiosis of the left knee Her symptoms, at 
first, were largely relieved by the use of an elastic stocking Later, we began 
a long series of treatments wdnch included ligations of veins and injections of 
sclerosing solutions To-da)q at the age of 30, she is so much impioved that, 
recentljq she married and is soon to have a baby 

I simply cite this case to stiess the impoitance of the fact that something 
can be done to relieve these patients It often requiies a gieat deal of patience 
and persistence to accomplish it, but m this case it has been most gratifying, 
even though it has taken 17 years to get what now appears to be a satisfactoiy 
result 

In connection with Doctor Holman’s papei, I must say that wdiat he has 
showm here to-day appears to be most convincing We have not been able to 
completely confirm his blood volume studies and I do not know wdiy We see 
a great many cases of arteriovenous aneurysms in which we cannot demon- 
strate a marked, or any increase in the total blood volume I grant that we see 
very few, in which the heart is badly damaged, in wdnch there is not an 
increase in the total blood volume However, everyone knows that in caidiac 
decompensation, cardiac failure, or impending cardiac failure, there is an 
increase in the total blood volume Whether it is entirely proven by Doctoi 
Holman that the changes in the heart are due entirely to the handling of an 
increased blood volume, or whether or not the increase 111 the blood volume 
may be in some way connected wnth a deci ease in function of the lieai t, we do 
not know^ 

We recently had a case of ai tei lovenous aneuiysm in a young man with 
an aortic insufficiency He had a very large heart and a markedly increased 
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blood volume We aie not suie which condition caused the increased 
blood volume, and this observation has started us studying cases of aortic 
insufficiency to see if they have an inci eased total blood volume 

I should like to ask Doctor Holman if he has undertaken any acute, or 
nonsurvival expeiiments and measured the cardiac output immediately after 
opening the fistula between the aorta and the vena cava So far as our studies 
are concerned, theie is an enormous increase in cardiac output immediatel) 
aftei pioducmg such a fistula, and on measuring the amount of blood returned 
to the heart through the mferioi vena cava, there is a tremendous inciease in 
the amount of blood going immediatel}' back into the heait 

Doctoi Holman’s illustrations showing a i eduction in the size of the heait 
for a few days after the pioduction of a fistula appeal to leave no grounds 
foi any doubt as to this eflfect How'ever, in our saciifice experiments, watb 
the chest open, w'e got the impression that theie occuired, m a lery few 
minutes, a definite increase m the si/e of the heart, and all studies show'ed a 
very maiked mciease m the caidiac output immediately after producing such 
a fistula 

Of course, Doctor Holman and I ha\c argued this question many, main 
times He is probably light I have ne\cr been able to agree with him that 
simply because theie is an inci cased vasculai bed there must of necessity be 
an increase of blood volume 

Dr Emilr blocMAX (San Francisco, Calif, closing) I should like to 
ask Doctor Reid what fills this increased vascular bed — air’ Fliimor’ Theie 
must be something to fill this enlarged \asculai bed and it is blood Doctors 
Dock and Harrison, at the Peter P)Cnt Brigham Hospital, m 1923, showed a 
doubling of cardiac output the moment we introduced a fistula into the 
circulatory system, and that w'as shown not only the day after the introduc- 
tion of the fistula, but it w’as showm months later with an incicase m cardiac 
output during that time Theie is no question about the increase m cardiac 
output the moment a fistula is introduced into the circulatory system 

Doctoi Reid mentioned his acute expei iments w ith the chest open I do 
not believe they aie comparable to expeiiments with the intact chest and the 
intact abdomen Doctoi Reid's expeiiments weie also performed wnth a 
glass communication directly betw'een tbe laige Aessels which did not permit 
bleeding into the distal venous bed, sucb as occuis m an) aiterio\enous fistula 
whether produced wnth a daggei , a bullet 01 by the expei imentalist 

I also studied Doctor Reids foui clinical cases, m which he states that 
he did not get an mciease m blood ^olume A demonsliable mciease in these 
cases w'ould not be expected with piesent methods of detei mining blood 
volume There w'as no mciease in blood pressure 01 fall m pulse rate as I 
recall it, when he closed the fistula and there was \eiy little dilatation of 
the heait This suggests that the fistulae m these four cases were of small 
size With oidmary methods of detei mining blood volume we cannot dem- 
onstrate increases m small fistulae I do believe, however, that any fistula of 
any size causes an mciease m blood volume and a dilatation of the heart and 
vessels but as our methods and mstiuments of precision aie not sufficiently 
accurate, we cannot determine such small inci eases at the piesent time 
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REVIEW OF THE LITERATURE AND REPORT OF TWO CASES, 

ONE APPARENTLY SUCCESSFUL 

I A Bigger, M D 

Richmond, Va 

FHOM THE DEt VUTMENT OF SEIIGEHl MEDIC IE COIIFGL OF \ IKGIMA, KICIIMOND, I \ 

Clinically recognizable aneur)^sms of the abdominal aoita occiii infie- 
quently, but the fact that KampmeieU was able to collect 65 pi oven cases of 
aortic, and three cases of celiac aneuiysm fioin the recoids of the Chanty 
Hospital in New Oi leans, ovei a peiiod of 30 yeais, indicates that they are 
not extiemely lare 

The duiation of abdominal aneuiysms is difficult to deteimme, foi they 
aie deeply situated and aie usually not suspected until they aie fai advanced 
However, m 877 pei cent of the 57 cases of Kampmeier’s senes, 111 which 
reliable data were available, symptoms had been noted for less than one yeai , 
and 111 61 3 pel cent of them, symptoms had been piesent for less than six 
months Fuithermoie, death occuired within one month aftei admission to 
the hospital in 38 of the 68 cases It is evident, theiefoie, that the disease is 
apt to lun a rapidly fatal couise 

Up to the piesent time, all fonns of therapy have yielded pooi results 
Stiictly conservative treatment offeis little, and wiiing, eithei with or without 
electrolysis, is at best only palliative Judging fiom the liteiature, only a 
small numhei of surgeons have felt that direct suigical attack upon aneuiysms 
of the abdominal aorta was justifiable, and it must he admitted that the re- 
sults obtained by surgical intervention have been discoui aging However, a 
closer study of the reported cases reveals some cause for optimism Fiom 
1817, when Sir Astley Cooper fiist ligated the abdominal aoita, to 1920, none 
of the 18 patients in whom the aoita (abdominal, 16, 01 lower thoiacic, two) 
was occluded for abdominal aneuiysm suivived to leave the hospital Since 
1920, seven of the 12 patients m whom the aorta has been paitially or com- 
pletely obstructed for aneurysm have been discharged from the hospital as 
improved, and one other lived four and one-half months but did not leave the 
hospital (Table I) While it is not ceitain that any of these patients have 
been cured, the lesults demonstiate that occlusion of the aorta is not neces- 
saiily fatal This information is important, foi occlusion of the involved 
arteiy is necessaiy for the cuie of most aneurysms The only exceptions to 
this rule are found in those clearly sacculated aneuiysms which may be tieated 
by lateral ligatuie of the sac 01 by res toi ative aneiirysmoi rhapby Such 

* Presented by title before the American Surgical Association, St Louis, Mo , May 
L 2, 3, 1940 
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aneurysms aie not common m any location and are particularly rare in con- 
nection with the abdominal aorta 

If the foregoing statements are true, the following problems need to be 
clarified (i) Under what circumstances may the aorta be occluded with 
reasonable chance of success, (2) what method of occlusion is preferable, 
and (3) IS proximal occlusion cuiative^ If not, is the Matas operation (oblit- 
erative endo-aneurysmoiihaphy) feasible m spontaneous aortic aneurysm^ 
None of these questions can, as yet, be answered with any assurance but 
some important evidence bearing on them should be given consideration 

In regard to the circumstances under which aortic occlusion may be con- 
sidered justifiable, it seems obvious that in elderly 01 greatly debihated pa- 
tients the chances of success are diminished and it is doubtful if such an 
operation should be undertaken on very poor-iisk patients If operation is 
undertaken, it is almost certain that the occlusion should be accomplished in 
more than one stage Extensive, diffuse calcification of the aorta should 
probably be considered a contraindication to surgery 

The portion of the aorta involved and the importance of the branches 
arising from the aneurysmal sac have an important bearing on the prognosis 
For example — it is reasonable to suppose that aneurysms arising from the 
aorta distal to the renal arteries will be more susceptible to surgical cure than 
those arising proximal to these vessels This would appear likely because 
the effect on the circulatory apparatus is less pi onounced the farther the lesion 
is from the heart, and, more impoitant still, because there is danger of oc- 
clusion of essential arteries such as the superior mesenteric, the celiac, or the 
renals when the proximal portion of the abdominal aorta is involved It has 
been shown by Halsted and Reid that the aorta may be occluded above the 
renal arteries, but if that portion of the aortic wall from which the superior 
mesenteric, the celiac, or the renal arteries arise is involved 111 the aneurysmal 
sac, ligation of the aorta will, almost certainly, result m occlusion of the 
origin of these essential vessels by clot and, thus, will result m an insuf- 
ficient circulation to the organs supplied by them Stated m a different way, 
the collateral circulation may be sufficient to nourish the stomach, intestines, 
and kidneys when the aorta is obstructed proximal to the origin of the celiac, 
superior mesenteric, or renal arteries, but only through the lumen of the 
aorta distal to the obstruction It is, therefoie, probably wiser to discontinue 
an operation when any of these vessels is found to arise from the wall of the 
aneurysmal sac This appaiently does not apply to the inferior mesenteric 
artery, for, as demonstrated by Archibald,-^ the mam trunk of this artery may 
be occluded without producing necrosis of that portion of the intestine sup- 
plied by It 

A study of the results of occlusion of the aorta by the various materials 
now 111 use convinces one that none of them is satisfactory and there is no 
unanimity of opinion as to which one is best Most of the reported failures 
may be attributed to one 01 the other of the following causes ( i ) Either the 
ligatures rapidly cut through the wall of the aorta and cause fatal hemorrhage, 
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01 (2) they fail to piocluce a peimanent occlusion of that vessel Fascia 
has many advantages foi tempoiaiy oi prchminai}' partial occlusion, but the 
results aie not peimanent Matas lecommcnds cotton tape, and it is probably 
significant that it \\as the mateiial used in four of the seven more or less 
successful cases so far lepoited, but even wide tape may cut through the 
aoitic wall and piohahly always gives, to some extent, aftei a few days 

In all except a few cases of aneuiysm of the abdominal aoita which have 
been opeiated upon, the suigical proceduie has been limited to an attempt to 
occlude the aoita, usually pioximal to the origin of the sac Proximal oc- 
clusion of the aoita is undoubted!}' an essential part of the operative procedure 
in most cases, eithei piehminary to, oi as a part of some more extensive 
opeiation, but there is consideiable reason to doubt that pioximal ligation 
alone will cure an appreciable numbei of cases even if the occlusion can be 
made complete and jieimanent It is known that occasionally an aneurysmal 
sac spontaneously becomes filled uitli clot and is obliterated This naturally 
occuis m a ceitain peicentage of cases following pioximal occlusion, and 
Halsted,^ ' !Matas,’‘’ Reid*^ and Holman'- have obtained such results in iliac 
and feinoial aneuiysms, but it does not seem leasonable to suppose that it 
will happen ficciuently Brooks-'’ obtained complete obhteiation of an aneu- 
iysm of the terminal aoita following proximal occlusion of that vessel but 
points out that this result piohabh occuiied because the common iliac arteiies 
w'eie laigcly obstiucted bv piessure from the aneurysmal sac The condition 
w'as, theiefoie, csscntiall} similai to that pioduced by proximal and distal 
ligation If theie is a sufficient collateral blood flow' to nouiish the tissue 
distal to the obstiuction, theie is apt to be sufficient leflux flow' to prevent 
complete and peimanent obhteiation of the aneuiysmal sac It would seem, 
theiefore, that pioximal occlusion of the aoita should be undertaken as a 
piehminaiy to moie extensive piocedures m suitable cases In cases not 
suitable foi othei pioceduies, pioximal occlusion may be Aaluable foi 
palliation 

In caiefully selected cases of abdominal aoitic aneuiysm, it would seem 
w'lse to pel form a preliminary paitial oi subtotal pioximal occlusion of the 
aorta, then, aftei a suitable delay, peifoim aneuiysmoiihaphy oi possibly 
aneurysmectomy Unfoitunatcly, it is piobable that few cases aie suitable 
foi eithei of these pioceduies Thus fai, they have been attempted m only 
a small numbei of cases, some of w'hich w'eie obviously not suitable 

Bogoraz^^ reported a case w'hich he desciibed as an aiteiiovenous aneu- 
rysm between the abdominal aoita and the left lenal vein The aneurysmal 
sac, which was about the size of a goose egg, arose at the site of origin of the 
left lenal aiteiy fiom the aoita A pioximal ligature w'as applied betw'een the 
sac and the aorta and a distal ligatuie w'as then applied to the renal artery, 
and the sac excised The kidney was also lemoved The patient recovered 
Although this IS described as an aoitic aneuiysm, the fact that he w'as able to 
ligate the neck of the sac makes it appear likely that it oiiginated from the 
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base of the left renal arteiy which may have been greatly dilated as a lesult 
of the fistula 

Brooks^^ attempted excision of a laige thm-walled aneuiysm of the ter- 
minal aorta but this had to be abandoned because of rupture of the sac fol- 
lowed by excessive hemoirhage The aorta was then ligated proximal to the 
aneuiysm and, as was previously pointed out, this lesulted in complete oblit- 
eration of the sac So fai as can be detei mined, there has not been a suc- 
cessful excision of a tiue aoitic aneurysm 

Aneurysmori haphy for the cuie of aneuiysm of the abdominal aoita has 
been attempted by Lozano,^^ Munio,^® Crile,^' Kummeps ^nd Biggei (tiau- 
matic) All of the patients so operated upon, except the one lepoited m this 
paper, died A report of Cnle’s case has not been available for study, but a 
review of Munro’s, Kumniers, and Lozano’s leports bungs out certain points 
in the technic employed m each of these opeiations which may be significant 
in relation to the outcome 

Munro did not provide for occlusion of the aoita either pioximal or distal 
to the aneurysm, so when the thin sac was toin while it was being fieed up 
he had to control hemoirhage by applying a stomach clamp tangentially He 
then attempted to obliterate the sac by sutuie while the clamp was m place 
This was natuially less satisfactoiy than a iiioie dehbeiately executed mtia- 
saccular suture of the vascular openings Mtinio’s patient died from hemor- 
rhage the night following operation 

Kummel approached an aneuiysm of the proximal portion of the abdom- 
inal aorta through the chest wall and diaphragm The aoita was compressed 
proximally but not distally when the sac was split open Appaiently, the in- 
ti asaccular suture was reasonably satisfactoiy but aftei the repan had been 
completed a gauze tampon was inserted between the aorta and spine This 
caused bleeding which was difficult to control and Kummel blamed his failure 
on this maneuvei Howevei, it is probable that there was considerable 
unnecessary hemonhage from the distal aorta duiiiig the piimary suture 
and that this played an important pait in the unfortunate outcome in this case 
Lozano applied clamps (without rubber coverings) to the very sclerotic 
aorta above and below the aneurysm befoie opening the sac He then closed 
the arterial openings in the sac by suture and obliterated it This pait of 
the operation was apparently successfully accomplished, but when the obstruct- 
ing clamps were removed there was bleeding where the sclerotic vessel wall 
had given way beneath them It is possible that, with such advanced sclerosis, 
any form of compression would have produced the same result, but un- 
piotected clamps would be paiticulaily likely to cut through such a vessel wall 
Careful provision for the control of hemorrhage is essential in either 
excision or inti asaccular suture of aneurysm In peripheral aneurysms this 
IS best accomplished by the use of a tourniquet but when laige aiteries of the 
trunk are involved the mam vessel must be occluded both proximally and 
distally and, m addition to this, collateral vessels entering the sac should be 
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ligated when possible before the sac is opened If these precautions are not 
taken, excessive hemorrhage is apt to occur 

There are many unsolved problems in connection with the surgical treat- 
ment of aneurysms of the abdominal aorta Some of them may be solved by 
carefully controlled animal expeiiments, hut others can be solved only by 
observations on patients with aortic aneuiysms For this reason it is essential 
that such patients, especially those subjected to ojieration, he carefully observed 
and that the i esults be i eported in detail 

With this in mind, the author presents the following two cases 

CASc nnpoRTS 

Case I — R E C, white, male, age 54, was admitted to the Memorial Hospital, 
Richmond, Va , February ii, 1938, complaining of a pulsating mass in the abdomen and 
pain in the right hip He had noticed the abdominal pulsation about eight months before 
but the pain in the right hip was of onU three weeks’ duration His past history was not 
significant 

Physical Lrainmatton — The patient was a frail, moderately emaciated w’hite male 
who appeared to be about 60 ^ears of age Me was inclined to remain m the dorsal 
recumbent position with the right thigh fleved on the abdomen at an angle of approxi- 
mately 90° The abdomen and low'er extremities presented the onlj significant findings 
Abdominal examination re\ealed a firm, pulsating mass extending across it at about the 
level of the umbilicus, more prominent to the left of the midhne There was also a 
sausage-shaped mass in the right lower quadrant which was quite tender There was 
atrophy of the muscles of both legs No edema 

His temperature fluctuated between 99° ind 101° F Blood pressure 100/50 RBC 
2,880,000, Hb 60 per cent, WBC 12500, 78 per cent polymorphonuclear neutrophils 
Wassermann negatne Blood sugar 91, nonprotein nitrogen 34 Urine negative Clinical 
Diagnosis Ancurjsm of the abdominal aorta 

The moderate elevation of temperature, leukocj tosis, and increasing pain were er 
roneouslj interpreted as being due to a retroperitoneal rupture of the aneurjsm, so it seemed 
wise to obstruct the aorta proximal to the aneurjsm 

Opciatwii — Februarj 21, 1938 Under general anesthesia, the right thigh could be 
easily extended, indicating that its flexion had been due to spasm of the iliopsoas muscle 
The abdomen w'as entered through a right paramedian incision extending from the mid- 
epigastrium to the pubis It was found that the aneurjsm extended considerabh abo\e 
the most prominent, externally palpable portion of the sac, arising about 2 cm below’ the 
third portion of the duodenum at the origin of the inferior mesenteric arterv The second 
aneurysm involved the right iliac arteij, and a poorlj defined mass extended lateralh and 
upward beneath the terminal ileum and cecum The posterior peritoneum w'as carefullj 
incised just proximal to the aneurysm The root of the mesentery was separated up for a 
short distance and retracted to the right, thus exposing the third portion of the duodenum 
which was retracted upw’ard, to expose the aorta An aneurj sm needle w'as passed around 
the aorta just above the ancurvsm and a strand of chromic catgut draw'ii around the 
vessel A segment of fascia lata, about fi\e inches in length and about i cm m w'ldth, 
was removed from the right thigh, attached to the catgut ligature, and pulled around 
the aorta The strip of fascia was then tied down sufficiently tightlj to cause complete 
disappearance of all pulsations distal to it and the knot fixed by a heavj silk suture-liga- 
ture A doubled, heavy silk ligature w'as left around the aorta for future identification 
It was not tied The vena cava was not occluded 

Blood pressure was 95/60 when the operation was started and remained remarkably 
constant throughout the procedure, show’ing no change when the aorta was occluded 
When he was returned to the ward from the operating room his blood pressure was 
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go/50 and it remained at approximately this level for ten hours It then began to fluctuate 
and the systolic pressure ranged between 120 and 60 

Postopciatwe Coutse — Immediately following operation, both feet and legs were 
warm but the right foot was somewhat paler than the left About six hours after operation, 
the right foot and leg became pale and cold, but the color and temperature of the left one 
remained good, and a faint pulse was palpable in the left femoral artery The right 
femoral artery remained pulseless , and, at the end of 12 hours, the right leg was becom- 
ing shriveled in appearance and showed areas of discoloration over the dependent portions 
It seemed obvious, at this time, that the circulation in the right leg was inadequate, 
therefore, the right femoral vein was ligated, with the hope that this might improve the 
circulatory balance m that leg 

Twelve hours after the first operation, his systolic blood pressure fell to 60, and 
500 cc of whole blood was administered His pressure rose to 104 but two hours later 
dropped to 90, and remained at that level until an hour before his death He developed 
edema of the lungs and died 18 hours after ligation of the aorta 

Autopsy — An aneurysm of the distal portion of the abdominal aorta and another of 
the right common ihac artery were found, both apparently due to arteriosclerosis The 
ill-defined mass in the right side of the abdomen was a large retroperitoneal abscess He 
also had generalized arteriosclerosis, chronic interstitial nephritis, occlusion of the right 
ureter with p^’^elonephritis and associated venous thrombosis, a large soft spleen, and 
other signs of severe sepsis The immediate cause of death was left-sided heart failure 
with pulmonar}' edema When the aorta was opened the site of occlusion was found to 
be sufficiently patent to permit the passage of an ordinary probe, but the aneurysmal sac 
was largely filled by fresh clot The distal portion of the iliac aneurysm was filled by 
old clot and its proximal portion by fresh clot The lumen of the external iliac artery was 
occluded by advanced arteriosclerotic changes and a fresh thrombus filled the internal 
iliac (hypogastric) artery 

Comment — Since the autopsy showed long-standing occlusion of the ex- 
ternal iliac artery, the acute circulatory deficiency following aoitic occlusion 
IS adequately explained by the formation of a clot in the hypogastric artery 
and Its major branches, for, under the circumstances, this vessel was an 
essential collateral channel Failuie of the left side of the heart probably 
resulted from the additional burden imposed upon a cardiac musculature 
greatly weakened by prolonged sepsis Occlusion of the aorta, per se, piob- 
ably played an unimportant part m the outcome, and abdominal exploration 
without aortic occlusion might well have led to the same result 

Case 2 — C C , white, male, age 25, was admitted to the Memorial Hospital, Decem- 
ber 13, 1938, at 3 30 o’clock p M , and stated that he had felt well the previous day but 
at about 6 00 o’clock am, on the day of his admission, he leaned over to wash his face, 
became dizzy, and fainted After he regained consciousness he had severe abdominal 
pain, most marked m the midepigastnum and radiating to the region of the left shoulder 
blade He vomited once and had a bowel movement, but the severe pain persisted When 
first examined by a physician he was pulseless and complained of extreme thirst 

Physical Erai/imahoii —Temperature loi” F, pulse 140, respirations 22, blood pres- 
sure 50/30 He was very pale There was no cyanosis and no distention of the neck veins 
Heart rate was rapid, rhythm regular, no murmurs His pupils were constricted The 
abdomen was rigid and apparently contained fluid Tentative Diagnosis Ruptured 
abdominal aortic aneurysm This was considered especially likely because of the follow- 
ing history 

On September 7, 1937, this patient was admitted to the Galax Hospital, Galax, Va , 
for the treatment of multiple buckshot wounds One shot had entered below the crest of 
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the right ihum and Iiacl coursed completely across the body and was lying in the left side 
near the anterior end of the eleventh rib The patient was badlj shocked and presented 
the signs of intra-abdoininal injury At operation no intestinal perforation was found 
but there w'as a massive retroperitoneal hemorrhage, the origin of which was not 
determined He w’as discharged from the hospital 14 days later, and had apparently been 
in good general health until the onset of the present trouble 

A short time after admission to the Memorial Hospital he w'as given 450 cc of 
blood b^ the multiple s\ ringe method, follow'ing which his condition show'ed marked 
improvement At 8 00 o’clock p m , four and one-half hours after his admission, his 
blood pressure w'as 130/82, pulse 112, temperature 1016° F Although his abdomen 
was rigid and distended, it was thought that a pulsating mass could be felt about one 
inch to the left of the umbilicus Pulsation in the \cssels of the lower e's.tremities w'as 
full and equal 

Before transfusion his blood showed RBC 3,280,000, Hb 58 per cent, WBC 
30,000, 92 per cent polymorphonuclear neutrophils, Wassermann and Kline reactions nega- 
tive Hie follow'ing morning his blood findings were RBC 2,900,000, Hb 44 per cent, 
WBC 21,500, 92 per cent polj morphonuclear neutro])hils His urine was negative 

At 8 30 o’clock on the morning after admission his blood pressure was still normal 
and his pulse of good volume At 8 45 o’clock, 15 minutes later, he had another attack of 
sjneope and his pulse and blood jiressurc could not be obtained The foot of his bed was 
clev'ated and he was given 600 cc of blood bv the multiple sjrmge method After this 
attack of syncope his abdomen became grcatlv distended and there was definite ev’idence 
of free fluid m the iieritoneal cavitv The patient complained of verv severe, continuous 
abdominal pain Exploration of the abdomen 111 an attempt to control the bleeding was 
decided upon 

Opoattoit — At 4 00 o’clock pm the patient was given 150 mg of novocain mtra- 
spinallj At the tune of the intraspmal injection his Iilood pressure was iTO/ 70 , but it 
dropped rapidly and when the abdomen was opened Ins svstohe pressure was onlv 
70 Mm Hg Sliortly thereafter it was impossible to determine it The old left rectus 
scar, the result of his operation 15 months previoiislj, was excised and the incision 
lengthened both above and below so that when completed, it extended from about two 
inches below the left costal margin to about two inches above the pubis A massive mtra- 
abdominal hemorrhage, partlv clot and partlj liquid blood, was found About 500 cc 
of this blood was removed, citrated, filtered, and administered mtravcnouslj In addition 
to this, he was given 500 cc of blood from a donor, the entire liter of blood being 
administered dm mg the course of the operation The bleeding had come from the rupture 
of an aneurjsm of the lower portion of the abdominal aorta but there was no bleeding 
when the abdomen was opened, as the tear in the anterior wall of the aneurjsm was 
plugged by a firm clot Although the bleeding had temporarilj stopped, it w'as felt that 
the aorta must be obstructed proximal to the aneurj'sm to prevent a recurrence of the 
hemorrhage The aneurvsm, which was about 8 to 10 cm m diameter, arose from the 
anterior wall of the abdominal aorta at the level of the inferior mesenteric arterj 

An incision was made through the posterior peritoneum immediatelv above the 
aneurysm, and the third portion of the duodenum was exposed, freed up, and retracted 
upward to expose the aorta (Fig 1) The aorta was separated from the vena cava, 
and an aneurysm needle carrjmg a heavy catgut ligature was carefully passed 
around the artery, three heavy catgut ligatuies were then tied to the first one and 
drawn around the vessel A strip of fascia lata about three-quarters of an inch wide and 
SIX to eight inches long was removed from the left thigh, attached to one of the catgut 
ligatures, and drawn around the aorta twice It was tightened until all distal pulsation 
ceased, and fixed by silk sutures A long piece of heavy silk was left m place around the 
aorta for future use Before the aorta was occluded a pronounced, continuous thrill could 
be felt m one of the adjacent vessels This thrill could not be felt after the aorta was 
occluded, so its site was never definitely determined , but it was thought that it was an 
arteriovenous fistula, probably involving the mesenteric vessels 
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Immediately following occlusion of the aorta the systolic blood pressure rose sharply 
to i8o MmHg, and the patient had a mild convulsive seizure Two hours after his 
return to the ward he was able to move his arms and legs His feet and lower legs were 
cold, pale, and the veins were collapsed, but the upper legs and thighs were warm and 
of good color 

Postopciative Com sc — The following morning (December 15) his general condition 
was satisfactory, systolic blood pressure 140, lower extremities were warm, and the color 


t 



Fig I — Cuse s Drawing showing point of rupture of aneurysm and level of occlusion of 

the aorta 


of his feet was much improved, but no pulsations could be made out in any of the artei les 
of the lower extremities, including the femorals It was discovered, however, that 
during the night the patient had developed complete paralysis of both lower extremities 
There was also marked diminution in tactile sensation and widespread involuntary 
muscular twitching These findings suggested involvement of the nerves as a result of 
marked temporary^ anemia 

Saline absorption by Dr Nathan Bloom on December 15, the day after operation, 
was as follows 


Right Leg 

Inner side of foot 20 minutes 

Inner side of midportion of lower leg 30 minutes 

Patella 30 minutes 

Midthigh 30 minutes 

On December 16, he complained of numbness and tingling of 

but was still unable to move them 


Left Leg 
15 minutes 
25 minutes 
25 minutes 

his lower extremities 


On December 17, sensation had not returned to the lower legs but he was able to flex 
his knees slightly 
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On December 20, he began to complain of burning and aching in his legs, and for 
several dajs this was so severe as to require opiates for its relief He was unable to 
void until the fourth postoperative day 

Neurologic examination by Dr Gayle Crutchfield, December 22, showed that all 
of the deep reflexes of the lower extremities were abolished except the right prepatellar, 
which was hypo-active Plantar response was normal All muscle groups showed 
greatly diminished pow'er In addition to the above findings there was hypesthcsia below 
both knees, extending down to and including a part of the dorsum of each foot His 
impression was that the neurologic changes w'erc the result of temporarj anemia of the 
peripheral nerves of the lower extremities 



Fig 2 — Case 2 Dnwinft sliowinR the reduction 111 the sire of the aiieurjsni one month after the 
occlusion of the aoita (i) Ihe method of occludint, the opening between the aorta and aneurjsmal 
sac (2 and 3) Obliteration of the aneuijsmal sac 


On December 23, the patient was able to move his feet and toes, and was con- 
scious of the sense of pressure, but the finer senses of touch and slight pain had not 
returned Muscular tw'itching had completely disappeared 

On Januaiy 4, 1939, pulsation w’as detected on both sides just above the inguinal 
ligaments This was thought to be in the deep epigastric arteries, as no pulsation could 
be made out below the inguinal ligaments Sensation and motion w'ere both greatly 
improved, but he still complained of pain in the thighs, knees, and ankles 

Second Opcialton — On January 10, the patient w'as again operated upon Under 
general anesthesia, the left rectus scar was again excised w'lth especial care to avoid 
injury to the left deep epigastric artery, an important collateral vessel The omentum 
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was adherent to the parietal peritoneum but the bowel was free The aneurysmal sac 
was reduced to about one-half its previous size and was not pulsating The iliac arteries 
were not pulsating A loop of small bowel adherent to the area at which the sac had 
ruptured was freed up without particular difficulty The heavy silk ligature which had 
been placed around the aorta proximal to the aneurysm was found and preserved so that 
It could be used to control bleeding from above Both common iliac arteries were exposed 
and heavy silk ligatures placed around them for the control of retrograde hemorrhage 
(Fig 2) After these provisions had been made for the control of bleeding, the aneurysmal 
sac was opened in a perpendicular direction and several pieces of tissue were removed from 
Its wall for microscopic stud} 



Fig 3 — Case 2 Sensor} changes following occlusion of the abdominal 
aorta The dotted areas indicate slight hapesthesia to pain and temperature 
The transierse lines indicate the areas of marked h}pesthesia to pain and 
temperature 


Pathologic E'laimnafwu — Dr George Z Williams “The specimen submitted for 
examination consists of several small pieces of dense, pink tissue measuring about 2 5 
cm in greatest length and obviously from the wall of some type of sac 

“Microscopic E\aminatioii — The paraffin imbedded and hematoxylin-eosin stained 
sections taken from this material reveal the characteristic structures of arterial wall 
However, there is marked degenerative change with much necrobiosis in which the fibers 
of elastic tissue can still be identified but distortion caused by sclerosis and collagenous 
increase is marked There is no sharp demarcation between the degenerating sclerotic 
arterial walls and the superimposed hyalmized platelet thrombus which also shows 
degenerative changes Infiltration of chronic inflammatory cells, particularly monocytes, 
around small patches of hemorrhage is seen in various portions of the arterial wall Some 
evidence of old hemorrhage is seen in the presence of cells containing hemosiderin pig- 
ment and these are scattered through the fibroblastic sclerotic areas No specific mflam- 
mator}^ changes can be seen These changes are typical of a severe sclerotic lesion of the 
arterial wall with old and recent hemorrhages in the wall which are undergoing healing 
changes ” 

A considerable quantity of blood clot was removed from the sac without encounter- 
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ing hemorrhage, but when a dense piece of clot was removed from the upper right 
posterior wall of the sac, overlying the anterior portion of the aorta, bright red blood 
came out under considerable pressure It was possible to control this by placing the 
distal phalanx of the left index finger in the communicating opening A silk suture 
was passed deeplj through the lower edge of the opening beneath the finger, then out 
through the upper edge Large bites of tissue were included on both sides of the opening 
and when tension was made on this suture it was found that bleeding was largelj 
controlled When additional sutures were placed on each side of it there was no further 
bleeding even when the silk loops around the aorta and the common iliac arteries were 
released The aneurjsmal sac was obliterated bj six silk sutures passed from the left, 
through the posterior wall of the sac and then through the upper right side of the sac 
The margins of the sac were approximated with interrupted sutures of silk and the 
omentum was tacked over the suture line 

At this second operation it was found that the lower sigmoid and rectum were 
firmly adherent to the walls of the pelvis, possibh due to circulatora changes m the 
bowel follow'ing occlusion of the aorta 

At the completion of the operation the patient’s general condition was good Systolic 
blood pressure 130, pulse 114 

Subsequent Coiiiie — On Januar\ 17 Dr Ga\le Crutchfield noted little change in the 
neurologic picture The right prepatellar reflex was somcw'hat more acti\e but he was 
still unable to elicit other deep reflexes 111 the lower extremities 

Oscillometer readings b^ Dr Nathan Bloom, Januarj 22, were as follows 

Right Leg Left Leg 

Midthigh o s to r unit o 5 to r unit 

and on February 10, w'ere 

Midthigh I 5 to 2 units 1 5 units 

He was discharged from the hospital Fcbrtiarj 14, 1939, two months after admission 
His W'eight, normalh, was about 165 pounds but at this time it was onh 137 pounds 

On May 25, 1939 his weight w'as 160 pounds and his general condition was excellent 
Blood pressure 138/85 Heart sounds were normal in character, and the heart w'as not 
enlarged No mass could be felt m the region of the aiieiin smal sac There were neither 
motor nor sensory disturbances m the extremities Reflexes were normal There were 
pulsations m the femoral, popliteal, and posterior tibial arteries but none could be made 
out in the dorsalis pedis arteries 

Oscillometer readings b\ Dr Nathan Bloom, Maj 25, 1939, were as follows 

Right Arm (at pressure of 100 Mm Hg ) 

5 units 

Right Leg Left Leg 

(at pressure of 90 Mm Hg ) (at pressure of 90 Mm Hg ) 
Midthigh 3 5 units 4 o units 

Below knee 4 o units 3 5 units 

Ankle 2 o units 2 5 units 

The patient was seen again, January 30, 1940 His w'eight w'as 165 pounds He 
stated that his feet became cold a little more noticeably than they had previouslj but 
otherwise he had no trouble in his lower extremities Abdominal examination showed 
the incision firmly healed, wuth no evidence of hernia The abdomen w'as flat and easilj 
palpated A bruit could be made out just to the right of the umbilicus and one and one- 
half inches above it The bruit was more pronounced during s\ stole but appeared to be 
continuous in character, suggesting an arteriovenous fistula In other w'ords, it w-as of 
the same character as at the time of the first operation, before the aorta was occluded, 
and was more distinct than in May, 1939 This suggested an arteriovenous fistula between 
some of the vessels arising below the aortic occlusion, probably the inferior mesenteric 

892 



volumoiij ANEURYSM OF ABDOMINAL AORTA 

Number 6 

artery and vein Blood pressure in the left arm was 120/60, and in the left thigh 
125/80 

A teleoroentgenogram of the chest showed the transverse diameter of the great 
vessels to be 4 7 cm , of the heart 10 9 cm , of the thorax 26 4 cm , a cardiothoracic 
ratio of 41 per cent The lungs were clear The domes of the diaphragm were normal 
Anteroposterior and lateral roentgenograms of the lower dorsal and lumbar vertebrae 
and sacrum showed no erosion of the vertebral bodies The psoas muscles were well 
outlined and no evidence of an aneurysmal mass could be made out in any view 

Comment — Fascia was used to occlude the aorta at the first operation 
because only temporal y occlusion seemed indicated The heavy silk ligature 
was left aiound the aorta to occlude it duimg the aneurysmorrhaphy m case 
the strip of fascia no longer produced subtotal occlusion The iliac arteries 
weie exposed and heavy ligatures (tapes would have been better) passed 
around them for the control of retrograde bleeding when the sac was opened 
In spite of these piecautions theie was considerable pressure m the aorta 
presumably from the lumbar and middle sacral arteries which entered the 
aoita below the point of occlusion 

It IS believed that the strip of fascia has now completely disappeared and 
that the lumen of the aoita is fully restored There is no evidence of recur- 
rence of the aneurysm 

SUMMARY 

An attempt has been made to collect the cases of aneuiysm of the ab- 
dominal aorta and common iliac arteiies treated by operations (excluding 
wiring) upon the aorta The various suigical procedures which may be 
applicable to these aneurysms (excluding wiring) aie discussed 

Two new cases are reported 

Case I, a poor surgical risk, developed left-sided heart failure with pul- 
monary edema and died following occlusion of the aorta proximal to the 
aneurysm 

Case 2, a young man with a ruptured ti aumatic aneui ysm, had a preliminary 
occlusion of the aorta proximal to the aneurysm and one month later a re- 
storative endo-aneurysmorrhaphy When examined one year after the endo- 
aneurysmorrhaphy, the patient appeared to be well , there was no evidence of 
aneurysm and the lumen of the aorta was obviously patent 

We realize that theie is a marked diffeience between traumatic and 
spontaneous aneurysms and that the methods of treatment used in one may 
not be applicable in the othei For example, it is unlikely that one would 
find a spontaneous aoitic aneuiysm suitable for the type of operation, recon- 
structive endo-aneurysmorrhaphy, used in our second case but it seems likely 
that a small numbei of spontaneous aneurysms will be found suitable for 
obliterative endo-aneurysmorrhaphy Such operations probably should not 
be attempted unless the aneurysm arises distal to the renal arteries and, almost 
certainly, should not be attempted when the aorta is diffusely calcified Proxi- 
mal occlusion of the aorta should be undertaken as a preliminary operation 
This brings about shrinkage of the sac so that at the second operation either 
the aoita or the common iliac arteiies may be ligated immediately distal to 
the aneurysm 
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If the iliac aiteries are peimanently occluded, caie should be taken to see 
that the ligatures are placed on the common ihacs, not the external iliacs, and 
the internal ihacs (hypogastncs) should be caiefully piotected, because of 
their gieat importcince as collateral channels 

Also, all vessels communicating with the sac should be ligated, insofar 
as possible, before the sac is ojiencd Only by the employment of meticulous 
piehminary prepaiation can one hope foi success m such cases 

Aneurysms of the proximal poition of the abdominal aorta w'hich have 
such essential arteries as the celiac, supciior mesenteric, or both renals arising 
fiom the sac, probably should not be treated surgically, wdiile in those aneu- 
rysms arising above the renal aitenes but without any of the essential arteries 
originating fiom the sac, pioximal ligation may be justifiable 
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TREATMENT BY LIGATION 

Daniel C Elkin, MD 

Atlanta, Ga 

FROM THF DEPARTMENT OF SUflGETl^ EMORl UNHERSITI, ATLANTA, GA 

“On Sunday, the 12th ult , Mi James, one of the surgeons of this institu- 
tion, placed a bgaiwe upon the aorta, in a case of anewysni of the external 
ihac artery In one of the Exeter papers, it is stated that the operation was 
‘successfully performed’ , but it was that kind of success of which the Irish- 
man boasted when he had killed his hog, for the patient survived the infliction 
of the knife only two or three hours It is an appalling operation, and we hope 
not to hear of its repetition — at least m a case of anewysm of the extei nal ihac 
a) toy (Lancet, 2, 607, 1828-1829) 

Reports of ligation of the abdominal aorta are rare Only 24 recorded 
instances of this operation have been found in the literature , the first by Sir 
Astley Cooper, 111 1817 No doubt others have been performed, but probably 
without success In only ten instances was ligation (either complete or partial) 
performed for aneurysm of the aorta, but was more often undertaken because 
of aneurysm of the ihac or femoral vessels,^*’ gunshot wound of the aorta or its 
branches,- or tumors ^ In tw'o instances, ligation was distal to the seat of the 
disease, and in 22 proximal to it In ten cases, the occlusion was complete and 
in 14, the vessel was purposely only partially occluded at the time of the opera- 
tion or became so soon afterw'ards In only five instances can the procedure 
be said to have been successful, as judged by the period of survival and the 
relief of symptoms The rather tart report of Mr James’ operation m the 
Lancet Avould, therefore, seem to be supported by the experience of others 

Vaughan’s patient, upon whom a partial, distal ligation was performed, 
survived for two years, and was to some extent relieved of symptoms Watts’ 
patient lived three and one-half years, and LaRoque’s was living 14 months 
after operation In Matas’ patient, the occlusion was not complete, and she 
survived with relief for a year and five months Brooks completely occluded 
the aorta for aneurysm, and his patient lived for three months It is unfortu- 
nate that these last tvco patients died of causes unrelated to the disease or the 
operation, namely, one from tuberculosis, and the other from intestinal obstruc- 
tion Most often, death resulted from shock and hemorrhage within a few 
hours However, nine patients were operated upon before the days of hster- 
ism, and the first four, without the aid of an anesthetic Progressively better 
results give promise of its successful accomplishment more often in the future 
The 24 previously reported cases are reviewed m outline in the accompany- 
ing table and the procedure in each instance is diagrammatically illustrated 
To the se is added another operated upon by me 

* Read before the American Surgical Association, St Louis, Mo , Atay i, 2, 3, 1940 
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Case Report — Hosp No 90842 J E C, white, male, age 61, a minister, was 
admitted to the Emory Umversiti Hospital, May 28, 1939, complaining of a tumor 111 his 
abdomen and of pain in Ins legs His past health had always been good His mother, 
father and two brothers died of cardiovascular disease 

About si\ months previouslj, he had noticed a swelling in the left side of his abdomen 
but paid little attention to it since it was not causing pain The mass grew progressiveh 
larger, and the pain, which w'as at first interinittent, became constant, and was of sucli 
sc\crit\ as to keep him awake The pain evtended over his lower abdomen and into hi^ 





Fig I — Ihe appeinnce of the nneur\sm Tt opcrUion Double h},Ttion ^\lth cotton tape between the 

inferior mesenteric 'irtcr> nnd the bifurcation 


legs He occasionally had severe "cramps” in the calves of Ins legs His feet were colder 
than normal, and numbness and tingling were frequentlj experienced During the month 
preceding examination, he had noticed that the abdominal mass pulsated 

Phvsical Etannnofion — There was a marked thickening and tortuositj of Ins 
peripheral vessels His heart was normal in size There were occasional extrasystoles 
In the lower abdomen, a rounded mass could easilv be felt It was about five inches in 
diameter with its upper margin at the level of the umbilicus It pulsated sjnchronouslv 
with the heart beat There was no thrill and no bruit The circulation in Ins legs was 
good , the femoral, popliteal, dorsalis pedis and posterior tibial vessels were pulsating His 
blood pressure at the cubital fossa was 140 s>sto!ic and 100 diastolic The pressure in 
the popliteal vessels was approximately the same 
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Roentgenologic examinations showed arteriosclerosis of the aorta and the peripheral 
vessels There was some calcification m the abdominal mass, which could be seen pulsat- 
ing under the fluoroscope The Wassermann and Kahn reactions were negative 

Operation — June i, 1939 Under c3'clopropane and ether anesthesia The abdomen 
was opened through a left rectus incision The aneurysm was immediately disclosed It 
occupied the lower aorta from a point just below the inferior mesenteric artery to the 
bifurcation The dilatation extended slightly into both common iliac arteries Calcified 
plaques could be felt 111 the aneurysm and in the aorta above it The posterior peritoneum 
was opened through an avascular area, and the aorta was dissected free of its surrounding 
tissues at a point just below the origin of the inferior mesenteric artery This was dif- 
ficult because of the calcification of the vessel and its adherence to the surrounding tissues 
When the aorta was completely isolated, it w'as partially ligated at tw'O places wuth one- 
fourth inch cotton tape (Fig i) The ligatures w^ere placed about one-half inch apart 
The tapes w'ere tied until the pulsation in the aneurj'sm w'as almost completelj obliterated 
and until the pulsation of the femoral vessels could scarcely be felt Since there w^as no 
increased vascularity about the aneurysm and no evidence of a compensatory collateral 
circulation, it w^as thought best to only partially occlude the circulation to the extremities 
Moreover, the marked arteriosclerosis of the peripheral vessels seemed to make complete 
ligation unwise The peritoneum w'as closed over the ligatures and the abdomen closed 
in layers 

Postoperative Course — There w'as no remarkable change 111 the heart sounds fol- 
lowing this ligation The svstohe blood pressure gradually rose during the operation 
from 140 to 180 and the diastolic from 90 to 100 The rate of the pulse and respirations 
W'as not remarkably affected (Fig 2) Follow'ing operation, he complained of some 
coldness in his legs but this disappeared m tw'o dajs The systolic blood pressure in the 
popliteal vessels dropped to 60 Mm Hg Within a w'eek, he w'as completely relieved of 
pain m his abdomen and legs He was allow'ed out of bed on the tw'elfth day and returned 
home, tw'O w'eeks after operation At this time, the mass was considerably smaller and 
could be felt only as an area of induration m the left lower quadrant There w'as no 
pulsation, no thrill, and no bruit Within a month he resumed his duties as a country 
minister and since that time has been actively engaged m his w'ork He drives a car 
daib w'lthout difficulty 

Six months later the mass could be felt but was much smaller than originally There 
W'as a slight pulsation in it and a definite systolic bruit could be heard over it Since that 
time, there has been no change m the mass and, now', ii months after operation, he is 
free from pain and able to carry out his duties The pulsation m the femoral arterj' is 
forceful, but the pulsation in the dorsalis pedis and posterior tibial arteries is weak and 
inconstant It w'ould appear that the partial ligation has so slow'ed the current of blood 
through the aneurysm as to bring about partial clotting but complete occlusion has nor 
been accomplished 

There ate certain inherent difficulties in ligation of the aorta aside fiom its 
technical performance This piobably accounts foi the small number of at- 
tempts to occlude the vessel 

(i) Th-e location of the aneutysm is raiely at a point where proximal 
ligation can be undertaken without menace to the vitality of the kidneys or 
intestine The most fi equent site is in the region of the celiac axis, and partial 
distal ligation is usually the only procedure that can be carried out Theo- 
retically, this may slow the blood current and produce clotting and delay 
uipture, as in Vaughan’s case, but, practically, it is rarely successful 

Only rarely is an uniuptured aneurysm found at the bifurcation and m 
such a position that the aorta can be occluded distal to the inferior mesenteric 
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artery Complete ligation above that vessel would, veiy likely, lesult in gan- 
grene of the sigmoid 

(2) All effiaent collate) al cuculatwn rarely exists about an aoitic aneu- 
rysm, and gangrene of the extremities will result if the vessel is occluded In 
only one instance (Brooks^^) had the communications developed sufficiently 
to allow the surgeon to completely occlude the vessel Moreover, this same 
collateral supply may be the cause of an early recurience as vessels leenter 
the aneuiysmal sac 



(3) The type of ligatnie and the maimei of occlusion still lemain an un- 
solved problem Partial occlusion with metal bands (Halsted^’^’ or with 
silk or wire is usually unsuccessful because of the dangei of ruptuie of the 
vessel at the point of ligature Bands of fascia or tape frequently give way 
and allow the channel to i eopen Partial double ligation plus the mti oduction 
of some scleiosmg substance may overcome these disadvantages 

(4) The effect on the heait has been the subject of considerable dispute 
Kast,“® m 1880, concluded, from a senes of experiments, that the blood pres- 
sure 111 the aorta did not rise pioximal to the point of ligation It was his 
opinion that the effect on the heai t was not dangei ous to life Howevei , Katz- 
enstem,-" in 1905, formed exactly the opposite opinion since he found an 
elevation m the blood pressure of the aiteiy proximal to the site of the occlusion 
and dilatation and hypertrophy of the heai t Matas-- believed that total occlu- 
sion of the abdominal aorta imposed a strain upon the heart In Brooks’ case 
the heart was found to be essentially noimal three months after the ligation of 
the aorta, but m this instance a considerable collateral ciiculation was already 
established 

Brooks, Blalock and Johnson-® found, following a series of experiments m 
dogs, that the cardiac output was deci eased and there was little, if any, change 
in the blood pressuie proximal to the occlusion They found no evidence of 
hypei trophy of the heai t 
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In the case heie reported, theie was a gradual use in the blood pressure 
thioughout the operation A continuation in this rise following partial oc- 
clusion of the aoita cannot, therefore, he attiibutcd to the occlusion of the 
vessel (Chait i) 



Ch\ht I — Showing, the <i)‘itohc iiul ilnaolic blood jirc^^iirc and the pulse durinfr 
opcntion The rise in blood pressure «is (.radii il tbrous,hout and therefore could not 
be attributed to the li(,ation of the lorta 


Recently, the opportunity to observe the effect in another patient was offeied 
(Chait 2) In this case the aortic aneuiysin in tlie legion of the celiac axis 
w^as treated by distal ligation just abo\e bifurcation Theie was no change in 
the blood pressure foi 1 5 minutes Aftci 1 5 minutes thei e w as a sudden drop 
of systolic pressure from 120 to 80 with evidence of ciiculatoiy failure Fol- 
lowing stimulation and a low^ering of the patient’s head the blood pressure 
rose, m about 30 minutes, back to 120 and was maintained at this lecel until 
lupture of the aneurysm produced death tw'o days latei It was thought that 
this sudden fall m blood pressuie w^as due to cardiac failuie but wdij^ this should 
occur without previous rise m arterial piessure is not undei stood 

Discussion — This leport is concerned pnmaiily with the effects of ligation 
of the abdominal aorta and considei ation of those cases in wdiich this piocedure 
has been earned out Theiefore, the tieatment of aoitic aneurjsm by other 
methods has not been considered In onl}' six patients, upon wdiom ligation 
has been perfoimed, may the pioceduie be considei ed m any degree successful 
Other means of ti eating an aneuiysm of this vessel should be considered, but 
it is improbable that wiring, coagulation, or the application of the Matas prin- 
ciple of endo-aneurysmori haphy could be carried out with any great hope of 
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success The effect upon the heart and circulation should be fuither studied 
and methods of pioducing occlusion by other means than ligation must be 
developed befoie the opeiation can be successfully performed in the majoiity 
of cases 



after ligation This t\as attributed to cardiac failure 
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Discussion —Dr I A Bigghr (Richmond, Va ) I i\ ish to congratulate 
Doctoi Elkin on his excellent picsentation of this interesting case In this 
discussion, I would like to emphasuc ceitain points regarding the decision as 
to whethei 01 not ligation should be attempted m patients with abdominal 
aoitic aneuiysms If one of the essential a^essels, such as the superior mesen- 
teric, comes off fiom the aneuiysinal sac, it seems obvious that no curative pro- 
cedure should be attempted In other ivords, it avould seem to me that com- 
plete proximal occlusion of the aorta in the pi esence of an aneurysm involving 
the oiigin of one of these vessels is woise than useless, for obliteration of tbe 
sac by clot will pioduce occlusion of the supeiioi mesenteiic 01 the celiac 
aiteiies which will almost ceitaml)'^ prove fatal 

There is some doubt, I think, as to ivhether a pioximal ligation can be 
consideied moie than a palliative proceduie in the gieat majoiity of cases of 
aneuiysm, although theie have been, as pointed out by Doctor Elkin, some 
instances of appaient cure by pioximal ligation alone In spite of tins, it 
seems likel)' that the incidence of cure of aortic aneuiysm fiom pioximal liga- 
tion will be small Because of this impression, ive ivere not content ivith 
proximal ligation in the folloiving case 

About 18 months ago Ave operated upon a man, age 25, foi a ruptured 
tiaumatic aneuiysm of the abdominal aorta At the first opeiation we oc- 
cluded the aorta pioximal to the aneuiysm and above the mfeiior mesenteiic 
artery It has been shown that occlusion of the inferior mesenteric arteiy is 
not likely to be folloived by serious inteiference ivith the circulation to the 
segment of bowel supplied by that vessel Aftei one month we again opeiated 
upon this patient and peifoimed an endo-aneui ysinoi rhaphy 
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roUowwg occlusion of the aorta, this man developed complete paral>si‘: 
of his lower extremitie-*, v.hich persisted for about two v eeks and then grad- 
ually improved He also had marked sensory changes vhich cleared up after 
about SIX veeks and he now has excellent function m his lower extremities 

A heavy strip of fascia lata was used for the occlusion, for the reason that 
we had in mind to attempt endo-ane jr> ^morrhaphy, and we felt that it would 
be dcMrable to ha\e a reestablishment of the circulation through the aorta 
after the ^ae had been obliterated This has occurred, and he now' has normal 
pukations in all of the \e=‘-eH of the lowei extremities Xo evidence of recur- 
rence of the aneurism can be found 

I realize of course, that a traumatic aneurysm in a young man is an en- 
tireh different problem! from that presented by spontaneous aneurisms which 
u'^ually occur in more elderly people, but I do behe\e that there are some 
patient‘- with spontaneou‘- aneury'-ms of the distal portion of the aorta in whom 
aneuryemorrhaph} might be suece'-sful, if undertaken in ‘^tage-i 

If sueh an ojieration is to be attempted, it would seem wise to perform a 
preliminary subtotal occlu‘-ion of the aorta proximal to the aneurysm After 
a reasonable time, say a month or six week*-, when the sac has become 
shrunken, an occluHon of the ^e-'-el or ves‘-els distal to the aneurysm can be 
more readily aeeomplished After the collateral circulation ha*, been con- 
trolled, m “-o far as po^-sible, some modification of the Matas operation should 
be performed This should offer a greater chance of cure than proximal 
ligation alone 

In ‘-pontaneou-! aneurysms restorative aneury^-morrhaphy would not be 
possible, ‘-0 tajie, or similar material, should be used to produce permanent 
occlusion of the aorta both proximal and distal to the sac 

Dp Rlixjli'ij TvIata*- (Xcw Orleans, La ) As a pioneer m this field, I 
heartily eongratulate Doctors Elkin and Bigger on their successful operation 
for the cure of abdominal aneurysms They have brought a note of cheer and 
encouragement to the classically somber tone of aortic surgery 

Taken together with Doctor Ow'ings’ experimental success in the seg- 
mental obliteration of the lower thoracic and abdominal aortic tract by his 
method of gradual occlusion, the^-e actual clinical achie\ements would suggest 
that surgery i^ gradually approaching some mastery o\er one of its most 
rebelliou-s proMnee-? 

Doctor Elkin’s case appeals to me particularly because his experience 
duplicate- and largely confirm-? the \alue of the technie adopted in the success- 
ful ligation of the aorta for an aneurysm of the bifurcation and iliacs whicli I 
re-iiorted to the As^oaation at Balfmore in 1924 In that case, the occlusion 
vas comjilete v hen applied, but became y)anial on the ninth day', when the 
imKation returned in the <-ac show'ing that the ligature.-? had yielded suffi- 
ciently to allow a small ‘•tream to flow' through a narrow' channel in the 
ligated -egment W hile this reduecxl stream gave great relief to the cardio- 
pulmonary arculat on and no doubt -^aeed the patient’s life, it did not prevent 
the ultimate cure of the aneury-?m because thi*. had been completely consoli- 
dated by laminated clot and had ceased to pulsate long before her death, which 
occurred one year and fi\e months after the ligation, consequent to an o\er- 
w helming hemorrhage from a tuberculous cavity m the lung 

Doctor Elkin u^-ed two cotton tape=, as I rlid, and T presume, from hi^ 
jjatient’s excellent reco\ery they were a*- well tolerated by the aorta of hi^ 
patient For a<- I w ill ‘-bow later, the histology of the ligateVl segment demon- 
strated that contrary to the usual e' perience' the tape-,^ had not cut through 
but had been completely incorporated m the walls of the artery without injur- 
ing the intima in the least The ligated segment wa= entireh covered b\ a 
cap-ule of den*.e connectue tissue which blended perfecth wUh an external 
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coat of the aoita, gieatly sti engthening the artei}' while completely concealing 
the hgatiues Judging by the histologic study of the ligated segment of the 
aorta in m}’^ patient’s case and by Doetoi ElUm’s success, cotton tape, which 
was fiist used to ligate the aorta by Dr G T Vaughan of Washington, at 
Doctoi lialsted’s suggestion (with smvival of more than two years), is a de- 
pendable mateiial and, m fact, is so w'ell tolerated and assimilated by the aoitic 
w^alls that it w'ould seem to make the use of autogenous fascial and othei 
organic tissue material a thoioughly unnecessary and supernuous perfoim- 
ance Oui expeiience w'lth cotton tape w^ould seem to bear out the general 
conclusions of Meade and Ochsnei (1940) in making cotton a prefeiable 
mateiial for buiied sutures and hgatuies 

I am veiy much obliged to Doctor Elkin foi the pains he has taken to 
illustiate the piocedure adopted in my patient s case His drawmigs wall serve 
as an appropiiate mtioduction to the lantern slides exhibit that is to follow 
this discussion 

Doctor Biggei's opeiation is also of sijecial intcicst to me as it is the fiist 
successful application to the aoita of m3' method ol mti asaccular suture (endo- 
aneui3'smoi ihaphy) foi the cure of aneur3sm W’e ha\e recoids of five endo- 
aneui3'smorrhaphies foi abdominal aoi tic aneur3'sms (R Lozano 1905,} C 
Munio, 1906, G W Cl lie, 1907, J H Gibbon, 1912), all of which ended 
fatall}'', except the last opeiation pci formed b}' Doctor Bigger, Januai)' 10, 
1939 All of these opciations were pei formed under despeiate and seemingly 
hopeless circumstances foi luptured 01 leaking sacs, two dying on the table 
and the tw'o others suiviving only a few' hours Doctor Bigger’s patient is 
the only traumatic aneuiysm caused b}' gunshot wound The history of this 
complicating injui}', as related b}' Doctor Biggei, is a fine example of the le- 
sourcefuhiess of contemporar}' surger}' undei good gcneialship, especially 
since unlimited blood transfusion has become so univeisall) available, besides 
the benefits of autotransfusion, w'liich w'as a feature of this difficult case 

In addition to the five abdominal aneurysmoi rhaphies, there are tw 0 cases 
of thoracic aneuiysms m wdiicli the method of sutiiie has been lesorted to 
One, a traumatic aneui3'sm of the descending thoracic aorta on w'hich Kum- 
mel, of Hambuig, perfoimed a constructive aneiU3'smorrhaphy (1914), tech- 
nically a fine success, but unfortunatel}' in a hopeless condition The othei 
IS a sacculated aneuiysm of the ascending aicli of the aoita, repoited b}' V V 
Kerstoisky (1927), 111 wdiich the sac w'as torn 111 the couise of an intiathoracic 
exploration An immense hemoiihage flooded the field, which was controlled 
by clamping the broad pedicle of the sac, theieb}' excluding it fioiii the arch 
of the aoi ta, the exclusion of the sac being completed b}' a sei les of continued 
mattress sutures Hemostasis w'as secured, but the patient w'as so depleted 
by hemonhage and shock that he died on the table befoie he could be trans- 
fused 

Other cases could be quoted from the recent liteiatuie wdiicli indicate that 
thoiacic suigeons, emboldened by the gieat piogiess 111 the technic of pul- 
monary suigery, are making inoie frequent attempts to exploie foi aneiu3'sni 
of the aorta and heart, in the hope that a sacculated aneui3'sm may be found 
111 its early stages which wnll lend itself to conservative methods of sutuie 
Thus fai, the great majority of all these attempts m the thorax have pioved 
abortive, usually ending with an exploiation 01 w'lth some heioic episode wdiicli 
has not encouraged many lenewals of the same expeiience 

We may safely asseit that, for the piesent, at least, the hope of aneuij'smal 
therapeutics in the chest must depend much 11101 e on pi ophylaxis than on sur- 
geiy, including the lecently attempted lesurrection of the methods of w'liing 
and electrolysis 
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ANEURYSM OF THE ABDOMINAL AORTA AT ITS BIFURCA- 
TION INTO THE COMMON ILIAC ARTERIES^ 


A PICTORIAL SUPPLEMENT ILLUSTRATING THE HISTORY OF CORINNE D , 
PREVIOUSLY REPORTED AS THE FIRST RECORDED INSTANCE OF CURE 
OF AN ANEURYSM OF THE ABDOMINAL AORTA BY LIGATION 

Rudolph Matas, M D 
New Orleans, La 

The history of this aneuiysm, and of the ligation of the abdominal aoita 
peifoimed for its cuie, was originally presented, as a prehnimary lepoit, be- 
fore the American Surgical Association at its meeting in Baltimore, April i8, 
1924 (Ti Am Surg Assn , 42, 603-616, 1924), and in the Annals of Sur- 
gery, 81, 457-464, Februaiy, 1925 

The last report closed with a statement that a final, illustiated leport of 
the case, in all its bearings, would appear in a later publication Unfortunatel39 
a number of circumstances delayed the completion of the final report, but out 
of the abundance of the illustiative mateiial which had collected about this 
patient, a moving picture was made which showed the patient, the aneuiysm 
the technic of the ligatuie, and all the gioss anatomic and histologic changes 
in the arteiy at the site of the ligation This film was exhibited by the writer 
at the Dallas meeting (surgical section) of the American Medical Association 
in Apiil, 1926, at the discussion of Dr Barney Biooks’ report of a successful 
aoitic ligation foi a similai aneuiysm This demonstiation passed in silence, 
and the film was not included in the published proceedings of the meeting 
Through some unaccountable accident, the film was destroyed or lost while in 
storage at the promoters’ laboratories However, the original drawings, 
photographs and othei illustrations weie, fortunately, pieserved in the library 
of the Medical School (Tulane), and it is fiom this source that the film ex- 
hibited by the writer at the St Louis discussion of Doctors Elkin’s and Rig- 
ger’s successful ligations was made available for that occasion 

In view of the historic interest attached to the case of the patient, Cormne 
D , as the first recorded cuie of an aneurysm of the abdominal aoita by liga- 
tion, and of the fact that the ligatures — contrary to previous experience — 
wei e made effective without cutting through the ai tery or damaging its coats. 
It would seem that the hitherto unpublished photomicrographs and drawings of 
the anatomic and histologic changes in the walls of the aorta at the site of 
Its ligation would fit into the discussion of the successful cases of Doctois Elkin 
and Bigger, if only as an instructive illustration of the gradual evolution of a 
woiking technic of aortic suigery in the abdomen, as it was so encouragingly 
unfolded at this meeting Besides, and quite apart from any historic interest, 

Introduction to a moving picture of the case of Cormne D , exhibited in the discus- 
sion of “Aortic Aneurysms” (Doctors Elkin and Bigger) at the meeting of the American 
Suigical Association, St Louis, Ma> 1-3 1940 
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the senes of illustrations which aie herewith repioduccd, will, I trust, help to 
redeem the piomise of their publication made 13 years ago 

SYNOPTIC IIISTOKY OP TIIH PATICNT WITH A KrCAPITULATION OP THE 
MORE SAEIENT PACTS AND CONCLUSIONS 

Case Report — Counne D , colored, female, age 28, field laborer First admitted to 
Cliaiitj Hospital, (Dr J B Guthrie's clinic), October 25, 1922 



Pig I — Coriiiiie D , ige 29 Aiieur>sm of the common 
line nrtenes including the bifurcntion of the norti Photognph 
of the intient one >e^r ifter the ligntion of the nortn Right hip 
partnllj nnkjlosed ns n result of nrthntis nnd contracture of 
the muscles of the foot and leg bj edenn, due to compression of 
the anterior crural nerte and right common iliac tein Good 
circulation in the upper and lower extremities despite low blood 
pressure and feeble pulses 

Diagnosis — Malignant syphilitic infection tvitli generalized manifestations — eight 
months’ duration before admission (fever, acute polj arthropathies and myalgias specially 
localized m lumbar spine, hip, knee and other joints of the lower extremities, general 
adenopathy, tibial periosititis and multiple suppurating syphihdes on legs, arm and body) 
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Wassermann strongly positive A helpless and crippled invalid when admitted Undei 
vigorous antisyphihtic treatment, was so much improved that, by December i6, 1922, she 
considered herself well and was discharged at her own request 

Readmitted 'M.'a.vch. 6, 1923 (service of Drs E D Martin and A C King) Neglected 
treatment, and relapsed into a worse condition than on first admission In addition to the 

Fig 2 Fig 3 Fig 4 



Fig 2 — Teleradiograph of pelvis, April 4, 1923, fi'e days before the ligation of the aorta 

Pjc 3 Teleradiograph of pelvis nearly two months after ligation of the aorta the shadows 

o\er the sacroiliac region extending into the right sacro sciatic notch and over the sacrum obscure the 
outlines of the bone The right half of the pelvic cavity is also obscured by the ill defined shadow of 
the sac as it was beginning to fill with clot The erosion of the left trochanter from syphilitic osteo 

periostitis IS also plainly shown ,, , , r,. ,1 1 » r ,.1 

Fig 4 Teleradiograph of pelvis, March 27, 1924, nearly one year after the ligation of the aorta 

showing m irked reduction in the aneurvsmal shadow 
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Avesthetists Chart Corinne D ligation of abdominal aorta, 1/9/23 Dr Allgeyer anesthetist — 
Gas oxygen Preliminary morph sulph gr J 4 + atropine sulph gr 1/150 Anesthesia commenced 
at 9 08 A M Operation commenced g 28 a m Anesthetic discontinued 10 30 a m , operation 10 30 a m 
ISote rise of pulse and dropping of blood pressure on ligation of the aorta, 45 minutes after beginning 
of operation, and persistent high pulse rate (155 160) after the ligation, with notable increase in the 
respiratory rate after the ligation (24 38) 

arthropathies which crippled her spine, right hip and other parts of her lower extremities, 
she had developed an aortic aneur3’sm (a sequela to an acute aortitis) which involved both 
common ihacs and the aortic bifurcation Coincidently with the relapse in the arthrop- 
athies of the spine, hip and other parts of the lower extremities and the appearance of 
the pulsating tumor, a remittent fever had developed ranging from 100° to 104'’+ F , 
which at first suggested a retroperitoneal abscess This diagnosis was dismissed as the 
fever gradually subsided, leaving the aneurj'smal tumor growing visiblj’’, and rapidlj^, vvnth 
increasing lumbar and radiating pressure pains m the pelvis and lower extremities along 
the right sciatic and anterior crural tracts B3 April 3, 1923, the tumor had filled the pelvis, 
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projected far above the iliac crest and leached the umbilical level Roentgenograms 
showed marked erosion of the bodies of the third and fouith lumbar vertebrae, the prom- 
ontory of the sacrum and the iliac crests The diagnosis was then established of a 
leaking ancuiysm of the abdominal aoita at the bifni cation , involving both common tliacs. 



Fig 7 — Ligation of the aorta Fig 

immediately above the sac One half 
inch cotton tape led around arterj by 
catgut traction loop and aneurysm 
needle 


8 — Continuation Fig 9 — Tape cut in 

of Figure 7 two and applied as double 

ligature to the arter> Upper 
tied first, shows first hitch in 
knot 



Fic 10 — Both ligatures in place Second knot Fig ii — B oth knots tied Knots 

being tied on lower ligature, second knot alreada tied secured by through and through silk 

in upper ligature sutures to prevent slipping The free 

edges of the tapes were cut short to 
reduce their bulk 

With piogi cssivc 1 cti opa itoneal cxti avasation In view of the great suffering of the 
patient, and the evidence of a rapidly advancing retroperitoneal extravasation, the ligation 
of the abdominal aorta above the bifurcation was decided upon and by courtesy of Drs 
Illartin and King, the patient was transferred to Doctor Matas’ service 
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I ir 12 — Clo'scd enc filled with Inrd clot lie 13 — Anttirj'innl nc shown emptj of 

exposed 111 the open pthis The 4,roo\cd director clot fillini, the ri(,ht line fossn projecting o\er 

lies in the lortT is it enters the neck of the the brim of the pels is, md extending over promon 

SIC I The right ureter disjihced 111 front of lor> of sicriini neep cnsitj nl the bottom is t 

the sne 2 right line ^rler} ind underlMiig diserticiiliim of the sxc projecting into and bejond 

\ein obliterated and lifted up he expanding sic the sacroiliac notch 1 he stiff wire spikes mdi 

3 left iliac eessels tnerlapped he extension of cate the outer boiindare of the sac The grooecd 

sac to Ich 4 most prominent bulge of aneiiresm director lies in the channel between the aorta and 

at hifiircation probahic seat of original sac be interior of the sac The aorta is opened and 
fore leak began s stiff wire sjiikes to indicate stretched oecr a glass slide A folded towel has 

limits of extras as ition when leak occurred been placed under the slide and neck of sac in 

order to bring the aorta into better slew 



Tig 14 — Radiograph shows the outlines of the sac clearly defined 
after it had been emptied of clot and the clot replaced bj a radiopaque 
medium 


914 



Volume 112 ANEURYSM OF ABDOMINAL AORTA 

dumber 5 

OpctaUon — April 9, 1923 Doctor Matas and Staff (Drs L H Landry, S Geismar, 
and A Vidrine, resident intern, Miss Sawyer, chief nurse) Gas-oxygen anesthesia (Dr 
E E Allgeyer ) Operation begun at 9 30 a m and finished at 10 30 a m 

Synopsis —C^hotomy in Trendelenburg position Ligation of the abdominal aorta 
immediately above the sac with two completely occluding, one-half inch, cotton tape 



Fig is — Semidiagrainniatic sketch of lower abdominal aorta at 
the ligation, anterior new A Aorta cut open as far down as ligature, 

B, neiil} formed lumen, C position of cotton tape ligatures, D bulge 
due to knots, E, pouchlike portion of aorta betiien ligatures and 
internal tissue shelf at E, G surface, and H interior of aneurjsmal 
sac which has largelj been cut awaj , L, orifice of fourth lumbar 
arterj 

ligatures (sterilized and fat free by pieservation in ether) The tapes were plated in 
juxtaposition, one abote the other Upper tape tied first, with first knot secured by silk 
sutures passed through the knot to pre^ent slipping Before tying the second knot the 
effect of the occlusion upon the aneurasm was obsened, and it w’as found that the sac had 
collapsed and all pulsation had ceased The first knot was tightened with just sufficient 
force to obtain a complete occlusion w ithout crushing the w’alls of the artery The second 
(lower) tape was then tied and the knots secured by sutures m the same way A circular 
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area of the ailei\, a little less than one inch in breadth, was thus embraced by the two 
ligatures Tlie parietal peiitoiieuni was then sutured o\cr the aorta and the abdomen 
closed Tlie appendix, wdiicli was long, thick, and beaded w'lth fecal calculi, hung o\er the 
anetirjsnial sat, and was excised 

hitincdialc Opcialnr Result — The immediate effect of the ligation w'as to increase 
the pulse rate fioiii 121 to 154, and the blood picssure was lowered from 115/85 to 100/70 
As the abdomen was closed, the pulse was 160, blood pressure 100/70, respirations rose 
from 24 to 38 The effect of the ligation on the jieripheral circulation was to suppress 



Fig 16 — Internal mcw of lower abdomnnl aorta at the ligation 
The anterior wall of the aorta and sac ha\t been cut longitudnnlh to 
expose the lumen surface A cotton tape ligatures 13 pouch like por 
tion of aorta between ligatuic and internal tis«;ue shelf D, C area of 
calcification E wall of aneurjsinal sac, F, left common iliac arterj , 

G, orifice of fourth lumbar artcrj II, orifice of middle sacral arterj 

the femoral and pedal pulses, but the feet retained their sensibility, w'armth and living 
color Four days after the operation the respirations rose from 40 to 50, comcidently 
W’lth the clinical signs of a lobular bronchopneumonia, w'hich appeared in edematous patches 
111 both lungs, accompanied by a profuse mucosaiiguincous expectoration The patient con- 
tinued in a precarious condition, w'lth threatened cardiorespiratori failure, until the ninth 
day, w’hen relief came w'lth the return of pulsations m the aneurjsmal sac and in the 
femoral arteries m the groin 

Postopc) atwe Com sc — The postoperative history is one of early relief from pain and 
rapid reduction in size and activity of the aneurysm, gradual, general improvement in 
weight and strength under tlie influence of rest, improved nutrition and specific medica- 
tion until about April 20, 1924, when signs and symptoms of piogicssivc tubctculous in- 
jeetton began to assert themselves m the cervical lymph nodes and m the lungs Chains 
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of caseous tuberculous nodes were twice extirpated, but a rapid infiltration of the lungs 
with breakdown into cavities, profuse mucopurulent expectoration laden with tubercle 
bacilli, and “hectic fever” completed the picture of a "galloping phthisis florida,” which 
culminated in a fulminating pulmonary hemorrhage, and death on September lO, 1924 
During the year, five months and nine days that the patient survived the ligation of the 
abdominal aorta, the reduced circulation in the sac, enforced rest, and the extremely low 
blood pressure that characterized the postoperative period, all combined to promote the 
deposition of laminated clot and progressive consolidation of the sac 



Fig 17 — Posterior view of lower abdominal aorta at the ligation 
The anterior wall of the aorta and sac ha\e been cut longitudinall> The 
entire outer aspect of the \essel wall is shown The tissues covering the 
outer surface of the ligatures have been dissected away, exposing the two 
pieces of cotton tape A and B, and their knots, C and t), E, a small 
portion of the inferior aena cava, F the upper portion of the aneurysmal 
sac, G, the left common iliac arterv , H, middle sacral arterv , E, orifice 
of fourth lumbar arter> 

On April II, 1924, about one j'ear after the ligation, the aneurysm had contracted 
fully 60 per cent of its original size, and pulsations could be felt only in small, restricted 
areas Three months before the patient’s death, the aneurjsm had solidified and had lost 
all of its aneurysmal characters, it had become an inert and symptomless pelvic tumor 
The patient died with her aneurj'sm clinically cured 

Remarks — ^Immediately after death every precaution was taken to pre- 
serve the body and piepare it for a most searching roentgenologic and anatomic 
study The roentgenologic and photographic studies were undertaken at 
the roentgenologic laboratory of the Charity Hospital, with the valued coopera- 
tion of the late Chief, Dr A Granger The histology and photomicrography 
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Fig 22 Photomicrogriph of a small area of the longitudinal section of abdomtiinl aorta in the region of ligatures showing some fibers of the cotton tape, 
^ rx r t foreign body giant cells, some of which have engulfed cotton fibers (Xsoo) 

iiG 23 — Drawn from photomicrograph (Fig 22 ) showing a number of induidual cotton fibers belonging to a strand of the tape used in the ligation, and 

foreign body giant cells some of which show engulfed cotton fibers (X^oo) 
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were recorded in the laboratory of Professor I Hardesty, of Tulane Univer- 
sity by Dr Charles Midlo, his able and painstaking assistant (now assistant 
Professor of Anatomy, Louisiana State University), to whom I am especially 
indebted for all the photomicrographs and histologic drawings exhibited m 
this series (Figs 15 through 22) 

The details of the procedure adopted for embalming and injecting the 
arterial system with radiopaque fluid (a thin colloidal bismuth emulsion) have 
been described m the author’s pievious publications, and aie the first in which 
roentgenology has been utilized to visualize (postmoitem) the arterial system 
after a ligation of the abdominal aorta for an aneurysm of this artery This 
IS, also, probably the first case m which the changes in the ligature and m the 
tissues of the aorta at the site of ligature have been microscopically studied and 
photographically 1 ecorded 

Among the more salient conclusions that may be drawn from the clinical 
and postmortem studies of the case are 

(1) The patient died 17 months and nine days after the ligation of the 
abdominal aorta for a leaking (ruptured) syphilitic aneurysm of the abdomi- 
nal aorta at the bifurcation, including both common iliac arteries 

(2) The cause of death was tuberculosis — a cause unrelated to the aneu- 
rysm 

(3) That the collateral circulation above and below the aneinysm was well 
established before the ligation of the aorta 

(4) That the patient had been clinically cured of the aneurysm, and that 
this had ceased to be an active factor in her invalidism fully thiee months 
before her death 

(5) The clinical evidence of cuie was fully confirmed at the postmortem 
by the complete consolidation, contraction of sac contents, and beginning 
oiganization of the clot 

(6) The invalidism and general disabilities, that hospitalized the patient 
until her death, were caused by the ravages of a disseminated wide-spread 
pulmonary, lymphatic and joint tuberculosis, which flouiished wuth unusual 
rapidity and luxuriance in a soil seemingly feitilized by a saturating and malig- 
nant luetic infection 

(7) The aoita Avas totally occluded for nine days folloAving the ligatuie, 
duimg -which all pulsation ceased and the peiipheral pulses m the femoral and 
pedal arteries Aveie suppressed 

(8) During this period of total occlusion, the patient remained in a critical 
condition from threatened cardiac and pulmonary failure (passive congestion, 
patchy lobular pneumonia, ptilmonaiy edema), which Avas only relieved by 
the yielding of the ligatures sufficiently to alloAv a small, reduced stream to 

flow through the ligated segment, thus conveitmg a total at) esia into a partial. 
stoiotic occlusion 

(9) The yielding or relaxation of the ligatures AAas not caused by any 
slipping of the knots but, as demonstrated at autops} , by the soaking of the 
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Lotton fibcis in the tissue juices, and the permeation and erosion of the fibers 
by giant foreign body cells 

(10) The 1 eduction of the aortic stream to about one-tenth or one-eighth 
of the calihei of the noimal aoita was conduene to the final cure of the 
aneurism by favoiing a giadual deposition of clot and consolidation of the 
aneuiysmal sac 

(11) Ihe anatomic and histologic studies of the aorta at the seat of the 
ligature showed, conclusnely, that the cotton tape ligatures employed in this 
case (tightened without ciushing force) were well tolerated by the tissues and 
caused no damage to the artery 

(12) As show'll m Figuics 7-1 1. the two one-half inch cotton tapes re- 
mained imbedded and incoipoiated in the aoilic walls as a constricting ring 
for Old 17 months w'lthout causing the slightest ulcerative, necrotic or throm- 
botic changes m the aiteual coats and especially the intima which remained 
well-lined and polished w’lth noimal endothelium 

(13) This expeiicnce shows that a paitial occlusion can cure an aneur3sin 
of the teimmal aorta slowly, hut with gi eater safcti than an immediately total 
occlusion, W’lthout cutting thiough the arterj' 01 causing ulcerative alterations 
in the mtnna that might lead to liemoi rhage 01 thrombosis 

(14) It would seem that m laige and leaking aoitic aneuiysms, w'lth pio- 
giessive suhpci itoneal extiavasation, the collateial cii dilation is well-estab- 
lished In such cases the immediate total occlusion, which is especially indi- 
cated to stop the leaking, may probably he better tolerated than in the earlier 
and nonleaking aneurysms, in which the collateial circulation has not had time 
to develop 

(15) In view of the fact that sterile cotton tape is so well toleiated by the 
tissues and is ultimately incorpoiated by the aorta m the stiucture of its walls. 
It w'ould seem unnecessaiy, and supei fluous, to resort to extemporized autog- 
enous fascial strips 01 to heterogeneous aponeurotic or other membranous 
strips, kept in stock, w'hen the cotton tape w'lll answer the same purpose w'lth 
greater simplicity and safety 

(16) Judging by the recent experimental evidence and the increasing 
number of clinical cuies of aoitic aneuiysms by ligation and by sutuie meth- 
ods, and the inteiestmg evidence recently fuinished by the lahoratoiy, it w'ould 
seem 1 easonable to expect that the great desideratum of abdominal aortic sur- 
gery, namely, the safe occlusion of the aorta in any pai t of its abdominal and low 
thoracic com sc, h) giadual methods of occlusion (Ow'ings) w'lll ultimately 
become as feasible and legitimate m the suigical clinic as m the experimental 
laboratory 
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There is no completely satisfactory method for the gradual occlusion of the 
gieat vessels despite repeated attempts to perfect one, foi, though many 
ingenious instruments have been devised, all of them have some drawback 
Such a method is desiiable m order to treat aneurysm and other lesions of 
large aiteiies 

All of the early devices to shut off large arteiies used some sort of external 
compression on the wall The first of these was with a ligature, but when 
It was realized that gradual occlusion was necessary, clamps weie used that 
pressed on the vessel mdiiectly fiom the outside, often impinging it against 
a bone Haberland® shows some of these devices and their method of appli- 
cation Next, tapes, tubes, clamps oi snares were used that encircled the 
vessel, protruded from the wound and were tightened fiom the outside 
According to Matas, the concept of gradual arterial obliteration was oiig- 
inated late m the eighteenth century Deschamps" was one of the first to 
believe “that by gradual obliteration the collateral circulation would be devel- 
oped sufficiently to dimmish the dangei of gangiene” He encircled the 
arteiy with a wide tape which was held against a flat metallic plate, against 
which the aiteiy nas compiessed by tightening the tape nith a snaie Dubois’^ 
was the first to put this principle into practice by compressing the parent 
aiteiy of an aneuiysni Assolmff devised a spiing foiceps in which the com- 
piession of the aitery was regulated with a sciew Subsequently, a great many 
instruments for arterial compression were made, among which were those 
of Cooper,^ Doberauer,” Joidan,’^” KeeiA^ (Fig i), Riese,-- Smoler,-^ and 
Stiattoii-"^ It was pioposed by Milton^^ that a rubber tube be placed to en- 
ciicle the vessel and be tightened from the outside (Fig 2) All of these 
devices had two major disadvantages that of infection traveling along the 
sinus from the outside down to the vessel, and that of hemorrhage both from 
compression atiophy of the vessel wall and from secondary infection about 
the aitery 

Halsted® was the first to overcome the hazaid of infection by the intro- 
duction of his aluminum band (Fig 3) This was one of the most important 
contributions to vascular surgery, for it established the concept of aseptic 
gradual occlusion In regard to it he sa3'^s “The notion of gradual com- 
piession in the ordinary use of the term was entertained, onl}^ to be definitely 
discarded, because of the seemingly insurmountable difficulty of preserving 
asepsis A sinu s must form about any instrument leading from the aorta to 

* Read before the American Surgical Association St Louis, ^lo AIa\ 
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the an and, soonci or latci, such a sinus necessanly becomes infected” 
Infection picdisposes to sccondaiy licinoiihagc 

Soon aflei tins, Matas’* pio]iosecl tlic use of a heavier aluminum band to 
be clipped onto ai tei les to compress them, and thus test the efficiency of the 



for tins purpose 



Tig 3 — Methods of oseptic Rndinl itternl oc 
elusion hj e’^terinl compression include ( i ) The 
IlnlstedO Innd (2) rnscnl strifis (3) The Matosto 
band (4) The Neffio clamp These all ha\c the dis 
advantage of causing pressuie atrophj and possible 
rupture of the vessel 



of the spine 


collateial circulation (Fig 3) It was soon used as a means of partial occlu- 
sion preliminary to complete obstruction of large aiteries Because this band 
IS malleable, it can be applied without a special instuiment so is often used 
to-day instead of the Halsted band 


924 



Volumo 112 
Number 5 


GRADUAL OCCLUSION OF ARTERIES 


Neff^® devised an ingenious clamp for giadual, progressive aitenal obstruc- 
tion (Fig 3) He hinged two metallic strips at one end, placing the vessel 
between them The opposite ends were held apart by strands of plain catgut 
or decalcified bone, while at the same time elastic bands tended to appioxi- 
mate them As the catgut dissolved, the foice of the elastic closed the tvo 
metallic strips, compressing and obstructing the artery between them In the 
experiments reported by Neff m which this clamp was applied to the dog’s 
aorta, hemorrhage or infection occurred m all instances 

Finally, ligatures, tapes and tissue bands have been used unsuccessfully to 
partially obstruct the large arteries Halsted comments on his experiments 
as follows “Fine silk cut through in two days , coarse silk cut through more 
slowly, knotted ligatures weie found to be unsuitable, for a desiied degiee of 
constriction oi obliteration could not be accurately obtained nor could the 
crushing of the arteiial wall be mvaiiably avoided Tapes of vaiious matenals 
were tested — of cotton, of chromicized intestinal submucosa, of elastic tissue 
obtained from the aoita, of aponeurotic white fibrous tissue These tissue 
bands always relaxed and allowed leestablishment of the lumen ” This has 
been the finding of otheis^^ ^vho have tried them 

Expeiience has shown that all methods that compiess the vessel will 
eventually cause it to atrophy The expansile pulsation pounding against the 
compressing device weakens the wall and may even cause lupture with fatal 
hemorihage Halsted recognized this danger, for he said “The experimental 
voik on animals had led me to expect that ultimately the metal band must cut 
through the aitery, because in cases observed seven months or less, the wall of 
the aorta had become ati opined to the thinness of paper and theie was no 
adhesion between the infolded attenuated surfaces ” The histologic studies of 
Reid-° showed this atrophy to be due to loss of elastic and muscular tissues 
Later, Reid^^ made the statement that “paitial or complete occlusion of a 
large artery by compression always leads to the death of the vessel wall ” 

It appears incontrovertible that extei nally compi essing devices ai e danger- 
ous A consideration of the other alternatives leads to the conception that 
vessels might be obstructed by inteinal thrombosis, intrinsic contracture of 
the wall or extimsic contracture of scar about the wall These pimciples 
have been tested m the following experiments 

EXPERIMENTAL STUDIES 

All experiments in this field must be inteipieted m the light of known 
difteiences between the effect of arterial obstruction in animals and m man 
The dog shows little or no ill effect from abrupt ligation of one or both 
carotid arteiies, while m the human this is followed by cerebral complications 
111 one-thiid of the cases The same difference in response holds foi the 
ligation of most other aiteiies Occlusion of the aoita m animals is more 
compaiable to that in the human This is especially tiue of the thoracic por- 
tion, foi heie sudden ligation invaiiably causes death in a few hours, the 
wall is w'eak and prone to rupture, and the development of collateial circu- 
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lation IS vital Foi these icasons the thoiacic aoita of animals is the proving 
ground of methods for use m man It is assumed in this discussion that a 
method that is effective on the aoita will be applicable elsewheie 

Method's oj Intel ml Obsti uctwn — Intravascular occlusion “was first tried 
by l^^eid-^ with the use of fascial plugs, in order to avoid the atrophy from 
external compiession He says “For such a method of occlusion there would 
seem to he no ])ractical demand, for the arteiies that commonly need to be 
occluded in the human being can be occluded by proper ligation However, 
some modihcation of the method, as foi example the introduction of a fascial 

ball with a small tube through its 
centei , may be the best way of pro- 
ducing a ])aitial occlusion of the 
human aorta ’’ Cai rel- and others 
had placed tubes in the vessels only 
to find that they usually plugged 
with a thiombus, but this result 
could be jnit to use if tbc rate of 
thrombotic occlusion was slow' 
enough to permit collateral chan- 
nels to dilate Se\eral years ago 
such a method was proposed*'* 
which was based upon this prin- 
ciple In Older to avoid the hazard 
of opening the aiterj to insert a 
tube, a coiled tubular spiing was 
intioduced through a punctuie 
wound and screwed into the lumen 
This caused a gradual closure by 
thrombosis In the specimens ex- 
amined several months aftei opeiation, a small canal had opened through the 
thiombus but a majoi degiec of obsti uction peisisted This condition is 
appaiently peimancnt. foi it was dcmonstiatcd on one dog, obsei\ed foi seven 
yeais aftei opeiation, that only this small canal w'as piesent (Fig 4) This 
animal w'as active and healthy, being able to urn about without apparent fatigue, 
although the femoial pulses weie absent It w'as mteiesting to note, also, that 
the animal w'ould shivei only in the hind legs in cold w'eather These were the 
only abnoimal signs, yet when the specimen w'as examined it was found that 
the greater pait of the cii dilation to the low'er half of the body w'as passing 
Ihiough collateial channels 

This method of inti avascular obsti uction has the disadvantage of technical 
difficulty in nisei ting the spiiiig when the vessel is 111 a deep w'ound The 
device has to be turned parallel to tbe axis of the aitery before it can be 
completely screwed into place and this nianueuver is sometimes hard to 
accomplish without causing bleeding To over come this, a flat spring, such as 
IS used m the mainspring of a clock, was tried It w'ould curl up in the lumen 
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to form concentric rings and create a grid across the oiifice This did not 
work because too much obstruction was caused by the metal and too rapid 
thrombosis resulted The flat type of spring produced linear barriers across 
the lumen rather than foiming a tube-shaped structure within it 

Another device tested for this puipose is shown m Figure 5 It consists 
of a metal cuff which contains 12 sharp projections on its inner wall This 
was suggested by Dr Beverly Raney, who thought that if it was placed snugly 



Fia 5 — This device contains 12 prongs which %\ere designed 
to slowly perforate the artery when the clamp ivas closed o\er the 
vessel The prongs did penetrate the arterial wall but did not do 
enough damage to cause occlusion b> thrombosis 


aiound the artery the prongs would graduall}'- be forced through the wall and 
piotrude into the lumen, causing thrombus foimation This was a good idea 
but it did not work, for the penetration of the prongs through the vessel wall 
was too slow to cause the necessary damage 

Injury to the intima by sclerosing solutions did not cause thrombosis It 
w'as not expected that they would, but they were tried just to make sure 
that such irritating solutions as sodium morrhuate or 50 per cent glucose 
W'ould have no effect A segment of the thoiacic aorta of dogs was isolated 
wnth rubbei-shod clamps, filled with the sclerosing solution, and after one to 
fi^e minutes the ciiculatioii was restored No obstruction resulted, for it 
leqmres not only damage to the intima but also slownng of the stream to 
produce thrombotic occlusion of a large artery 

hitiinsic Conti actiii e of the Vessel Wall — The first attempt to reduce the 
caliber of the aorta by constriction of its wall was made by Matas and Allen, 
using plication sutures Tliey leported expeiiments in 151 dogs 111 wdiich mat- 
tress sutures w^ere used to nariow^ the vessel This plication w'as increased 
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al a second- and llnrd-staj^c opcialion until, in some instances, the lumen was 
ne.iily obliterated Reid-' performed similar expeiiments and studied the 
ehect of the sutuies on the aitenal wall It was found that lelavation gradu- 
ally OLcuiied and some lestoiation of the si/c of the lumen resulted In some 
human cases attemiits to sutuic the diseased wall of the aorta have resulted 
m hemoiihage 

It is eoneeivable that sufiicient damage to the wall of an artery nould 
lesult m Its eventual eontiactuie with closure of the lumen This hypothesis 
was tested by three methods Injection of irritants into the wall, painting 
caustics on the outei suiface of the wall, and coagulation of the \cssel wath 
a diathermy cm lent 

Sclciosmg solutions, prmci))alh sodium incnrhuate, were injected into 
the w'all of the thoiacic aorta of dogs, using a veiy small needle inserted 
beneath the adventitia Injection with foiee causes a ring of solution to 
infiltiate around the ciicumferenee of the aiterj The specimens were studied 
at intervals of fiom two weeks to three months aftei injection, and no narrow'- 
ing of the cahhei of the vessel found In one instance a typical arterio- 
sclerotic plaque occuiied on one side of aorta, appaientl} resulting from 
the necrosis of the wall at the tune of injection 

In anothei senes of expeiiments, the thoracic aorta of clogs was exposed 
and a segment denuded of all suiiounchng tissue (Fig 6) This pait was 
painted wnth full stiength iodine solution, 35 pei cent siher nitrate or 25 per 
cent aejueous aciiflavme No change occuiied in the caliber of the vessel 
eithei soon or some time after this treatment The specimens showed some 
seal ring about the aorta with adhesion of the pleuia or lung to the operatne 
site, hut the w'all of the aitcry was intact and supple 

The best method of injury to the aitenal wall ajijieared to be wntli a 
diathermy curieiit Tw'cntv exjieriinents were undertaken upon the aorta 
and caiotid arteiies by electrocoagulation The vessel w^as exposed, denuded, 
and lifted up by a band of lead foil 3 Mm wade (Fig 6) A coagulating 
curient w'as passed thiough this wdiicli travel seel the two sides of the loop of 
exposed vessel, gradually coagulating it to a wdiite coloi Ovei coagulation 
till ns the tissue black and causes it to shiivel to a cord This can be 
pi evented by using a low^ milliampeiage, allowmig some blood to pass thiough 
the looj) to cool it during coagulation and by caieful apjiliccition of the cui- 
lent Tw'o machines of Liehel-Flasshenn make weie used the ‘ Bovie” and 
the “Electiic Scalpel” models The}^ w'eie set at low"^ voltage, medium dehydra- 
tion, and powder control of 25 to 30 

The lesults of these experiments on electi ocoagulation of the arterial 
wall were disappointing At the time of operation the vessel w'as constricted 
to about one-thnd of its normal size in twm places on eithei side of the 
contact of the positive electi ode Theie was no pulse distal to this point but 
a w^ell-inarked thrill was present The specimens weie then examined at 
intervals of fiom two to eight w'eeks aftei operation In three experiments 
ovei coagulation occui red with complete occlusion of the lumen by thrombosis 
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This appaiently lesulted soon aftei operation In all otheis there was a 
gradual, piogiessive letuin of the calibei of the vessel to its noimal state 
This was usually complete m about a month, after which little or no evidence 
of injuiy persisted 

It IS seen that in all of the expeiiments wheie giadual occlusion was 
attempted by damage to the vessel wall, the injuiy was insufficient to cause 



Fig 6 — Methods of injury to the arterial wall in an attempt to induce 
spontaneous closure fiom contracture included Ci) Injection of iiiitants 
into the wall (2) Painting irritants onto the Mall (3) Wrapping cello 
jihane about the ^esspl (4) Slow coagulation of the Mall Mith diatherniv 

permanent constiiction of the artery In fact, that produced at operation 
eventually relaxed and allowed restoration of the normal caliber In view 
of this, it IS piobable that the lepaiative capacity of the arteiy is gieat enough 
to coriect a sublethal damage, so the attempt to pioduce giadual progiessive 
occlusion by this means is unsatisfactory 

Occlusion by E\ti avascnlai Coniiacture — Theoi etically , an artery could 
he shut oft by the contiactuie of a large amount of scar tissue about its wall 
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Ihc fust attempt to do this was with stnps of fascia’” \\hich wcie wrapped 
around the aorta, making a coneentnc iing of fihious tissue about it This 
fascia giadually lelaxed and evcntuall} absorljed so that no evidence of ob- 
stiuction existed aftei two or thiee montlis 

Cutlei* has used aciinavine to cause fibrotic occlusion of the bronchus 
This substance causes fibioplasia in tissue, so might be used to constrict arteries 
with scar tissue Acnflavine, in a 25 pei cent aqueous solution freshly pre- 
paied befoie each experiment, was injected m the tissues about the thoracic 
aorta of dogs It was mfiltiated aiound the vessel for a distance of about 
one inch along its course The specimens \\eie examined at intervals of one, 
two and thiee months and no contracture found that was sufficient to constrict 
the aorta Only six expeiiments weic underttdven, so it may be woitli while 
testing this compound more thoioughly If gi eater peiiartenal infiltration 
could be accomplished 01 repeated applications made, it might produce more 
effect 

Silica IS known to pioduce extensive scarring m pulmonary tissue causing 
pneumoconiosis How much fibroplasia it causes in other tissues is not so 
well known Recently, it was decided to trj placing silica, in finel} divided 
particles, into the tissues about the aoita m an effort to cause extensive 
scarring aiound the \cssel Ihcie arc insufficient data available at present to 
judge the results of these experiments, which aic being continued 

Page’” found that cellophane wiapjied looselj about the kidney caused 
an excessive reaction m the tissues, constricting the kidney and causing 
hypei tension m dogs It is conceivable that if the leaction from cellophone 
w'as great enough to contiact a kidney it would be sufficient to squeeze down 
the caliber of a laige aitciy 

Tw'enty-foui experiments were undertaken by wiapping cellophane about 
the aorta oi caiotids of the dog Ordinaiy DuPont cellophane No 300 PT 
W'as used that w'as soaked in alcohol or meicuiy oxycjanidc solution at least foi 
12 hours piior to opciation It was folded into a stiip four layers thick and 
loosely w lapped about the vessel thiee times The ends were tied to hold them 
m place 01 a silk hgatuie w'as placed aiound the ends Ec'ery effort was made 
to avoid external compression on the artery but m spite of this the cello- 
phane W'as tight enough to cause uiptiiic of the aorta in one animal * Another 
dog died of a pulmonar)' infection soon aftei operation The lemainder w'ere 
satisfactory for evaluation of the method 

Cellophane was found to be an extieme tissue iriitant, for, w'lth but two 
exceptions, an extensive change occuried around it This consisted of an 
intense leaction with eithei puuilent 01 gelatinous fluid m the center about 
which the tissue contained many phagocytic, mononucleai cells interspersed 
among fibrous tissue This fibrocollagenous layei became partly hyalinized 
This process causes a steady progiessive constriction of the vessel and an 
eventual obliteration of the lumen in some instances Figure 7 shows, by 
means of latex injection casts, how the caliber of the abdominal aoita w'as 

* In a subsequent senes of experiments two other dogs have died of rupture of the 
thoracic aorta 
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diminished by the tissue reaction from cellophane wrapped about it As the 
process continues there comes a time when the intima is involved and 
destroyed, shutting off the vessel completely (Fig 8) 

This IS the first time that gradual ob- 
struction of the aorta has been deliber- 
ately produced by penvasculai irritation 
The only diawback to the method is the 
intensity of the reaction caused by the 
cellophane It makes one hesitate to use 
It in patients, yet apparently a veiy ex- 
tensive irritation is necessary to shut off 
these large arteiies since lesser degiees 
of damage have no effect Pei haps the 
amount of cellophane applied could be 
1 educed to a point where it was just suf- 
ficient to cause occlusion but not enough 
to create such an extensive leaction in 
the sunoundmg tissues This is being 
tiled 

The impoitance of these observations lies in the demonstiation that grad- 
ual occlusion of the dog’s aorta can be pioduced by a fibroplastic reaction in 
and about the vessel wall, thus illustiating the feasibility of such a method 


Fig 7 — Gncliiil progressi%e constnc 
tion of the dog’s abdomiml aorta bj con 
tracture from cellophane irritation is demon 
strated by these latev injection casts of the 
vessel The arrows point to the level of 
injurj 



Fig 8 — Two specimens of complete occlusion of the dog’s 
aorta bj cellophane wrapped loosch about the aessel The first 
oiie has a central crater which contained fragments of cellophane 
while in the second the cellophane retained its circular form but 
migrated to one side of the arterj 


Summary — Duimg the last centuiy many attempts veie made to produce 
giadual progiessive occlusion of the aoita and other large arteries by means 
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of bands, clamps oi ligatuics A\hich compiesscd the acsscI y\ll cxpencnce 
has shown that the foice of the ]nilse pounding against the compressing device 
will ^^cakcn and ruptnie the aiteiial wall All methods that depend upon 
external compicssion aie dangerous 

Theoi eticall}’’, thcic aie at least tliice othei methods hy which laige 
aitencs can he giadually ohstiuctcd By internal occlusion with thiomhosis, 
h) intimsic contiacture of the vessel wall after its injury, and hy extrinsic 
contiactuie of scai tissues aiound the artciy These have been tested 
experimental!} 

About 12 yeais ago, a method was leported foi closing the thoracic aoita 
of dogs hy thiomhosis caused hy a spiing screwed into its lumen Continued 
ohscivation of these animals, one of them foi seven ycais, ic\eals the pci- 
sistence of a inajoi degice of ohstiuction The paiticulai virtue of the spring 
IS the tenacity with wdiich it holds the thrombus hy the multiple coils w'lthin 
the lumen This not only prewents embolism hiit also gnes a moie perma- 
nent occlusion The disadvantage of the spiing is the difficulty of inserting 
it into the vessel in a deep wound, but thus far, no better method of intra- 
vascular closuie has been found 

Intrinsic contractuie was attempted h} injui} fiom iodine, silver nitrate, 
sodium morihuate oi aciiflaMiie painted on the arterial wall or injected into 
it This caused no nairowing of the ^essel Diathcim) coagulation resulted 
in temporal}' constriction hut c\entual lestoiation of the lumen to a normal 
calihci Thcic is apparently too little damage produced hy these means to 
cause occlusion oi even pcimanciU constriction of the aorta 

Extiinsic contiactuie of the pein'asculai stiuctuies was fust attempted 
hy the use of huge amounts of fascia hut this iclaxcd lathei than conti acted 
Aciffiavinc and silica have been tiied w'lthout cfTcct as yet 

A striking lesult follow'cd the use of cellophane wiapped loosel} about 
laigc ai tones An intense pcrnasculai iriitation was pioduced hy the cello- 
phane, w'lth fiist constiiction of the \esscl and then invasion and destruction 
of the Ultima lesulting in complete closuie This occurred CAcn w'lth the 
aoita It IS the fiist time that complete occlusion has been produced by the 
cxti avasculai contractui e 

CONCLUSION 

Closuie of the aoita both hy intiavasculai thiomhosis and hy cxtiavasculai 
nutation has been demonstiated It icmains to peifect the methods hy w'hich 
this IS done, foi they can, m all piohabihty, he impioved 
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I am reminded of Van Allen’s suggestion that patients might be picpared lor 
lobectomy b} wrapping the affected lung in cellophane, waiting foi fibrous 
contraction to occur, and then, subsequently, performing a lobectomy This 
was done in experimental animals wuth gieat success, indicating that there is 
a veiy definite stimulating effect of cellophane upon the production of fibrous 
tissue 

I can visuah/e one site wheie such an irritating substance might be used 
to adAantage I recently opeiated upon a joung child w'lth a jiatent ductus 
arteriosus There was definite impiovement, as shown by a rise in diastolic 
pressure and a deciease m dyspnea However, a thrill iceiirrcd two da}s atter 
operation which peisists to the piesent time, and I am com meed that there 
has been partial lestoration of the patent ductus Is it not possible that, at 
this site, one could use some such giadual occluding agent ^ 

With reference to the ligation of large artciies in continuity, attempt has 
been made by o])eratois to ])revent the erosion of the artery by using larger 
and larger occluding hgatuics How'cvcr, they all have the inherent danger of 
the fact that this ligature is apjdied at a fixed j)omt and that the distending 
force of pulsation is directed at this point with each beat of the heart, w'lth 
gradual rupture of the tissue and rupture of the \cssel When w'e duide a 
large aitery, as, for example, the abdominal aoita in the dog, there is a retrac- 
tion of 3 8 cm , and separation of the dnided ends due to elastieit} 

Follow'ing division of the artery, there is no fixed point The force of 
each pulsation is used up in the lateral expansion and m the lengthening of 
this proximal segment, so that thcie is no tendence for lupture of the tissues 
at the point of ligation I think we should endca\oi, in e\ery instance, to 
divide a laigc aitery between hgatuies rather than to ligate it in continuity 

Dr Frederick L Reiciilri (San Francisco, Calif ) I simply wanted 
to ask Doctor Peaise if the woik of Doctoi Van Allen, pubhshecl some fi^e 
or SIX years ago, m wdnch he demonstrated the use of rubber, silk, and, I 
think, cellophane around laige arteries, was not much the same as he has 
done 

Dr Rudolph Matas (New Oi leans. La ) In dealing with the gradual 
occlusion of the aorta and its piimar}' blanches, Doctoi Pearse has brought us 
one of the most impoi tant problems in vasculai surgery He has review^ed all 
the important evidence on this subject \ery graphically and instructively 
Unfoi tunately, and despite the great study, scientific ingenuity and experi- 
mental research that has been given to this pioblem, a safe, practical method 
of gradual occlusion of the human aoila has remained an unfulfilled desider- 
atum 

In 1910, a great wave of expenmcntal activity in the surgery of the 
vascular system had spiead all over the w'orld in consequence of the new' 
impetus given to blood vessel technics by Carrel’s improved method of suture 
At the same time, the iiici easing incidence of aortic aneurysms as they were 
being disclosed by roentgenologic examinations intensified the search for 
methods of cure and relief by an impioved suigery The chief objectives of the 
experimental laboratories w'ei e the thoracic and abdominal aortas, in w Inch the 
failure of the immediate, total ligature had led to a better prospect by the 
methods of gradual occlusion 

It was m this w'ay that, m 1910, and contemporaneously with many other 
investigators (Haecker, Carrel, Halsted, Guleke, Jager, Law'en and Sievers, 
Schuppelmann, et al), I undertook a long series of experiments in associa- 
tion with my friend and most valued assis tant, the late Dr Carrol W Allen* 

'I' Matas and Allen Trans Am Surg Assn, 31, 195-217, 1913 Idem Annals of 
S uRGERv, 58, 304-319, September, 1913 
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in which we aimed at the gradual occlusion of the thoracic aorta (below the 
left subclavian) by a series of plications, or infoldings, of the aortic walls which 
were turned into the lumen of the aorta, thereby reducing its lumen m pi opor- 
tion The plan was to undertake the infolding at intervals — in about thiee 
stages In the last stage, the infoldings filled the artery completely and trans- 
formed it into a solid cylinder which was to be cut through and the ends 
closed with tight ligatures In this way we hoped to repeat, m the thorax, 
what Doctor Allen had already accomplished m the abdomen by the gradual 
obliteration of the aoita below the renals This he had done m two or three 
stages with our modification of the Halsted aluminum bands, following which 
the aorta was divided through the obliteiated segment, between sutuies A 
number of dogs died fiom piemature cutting of the aortic walls by the bands, 
but the occlusion succeeded often enough to prove that the complete division 
of the aoita below the lenals could be made effective by gradual occlusion, 
provided the bands were removed m time to anticipate the peifoiation and 
fatal hemorrhage, which occurred moie often after the seventh or tenth day 
The dangers of the metallic compression led me to tiy the method of occlu- 
sion by phcatmg the thoracic aorta which, with Doctor Allen’s able assistance, 
I tried, at irregular intervals, for two and one-half yeais (1910- 1913), during 
which the operation was perfoimed on 151 dogs Seventy dogs suivived the 
first plication , 73 the second, and 1 1 reached the third or obliterative plica- 
tion But It was found that when the infolded walls filled the lumen of the 
aorta, the foice of the systolic wave stretched a passage foi a nariow blood 
stream beyond the seat of the obstruction While no dogs suivived the thud 
plication, and they did not live long enough to peimit a complete diy section 
of the plaited segment, the experiments demonstrated the capacity of the heart 
and collateral vessels to adjust themselves to an extreme degree of aortic 
stenosis which would have been fatal if the aiteiy had been suddenly closed 
by a total ligature 

As the defects and failures of all previous methods of gradual occlusion 
have been fully bi ought out by Doctoi Pearse, I will not consume more time 
with furthei comnientai les on past or historic procedures I am glad, hov ever, 
to avail myself of this opportunity to submit to your consideration a new and 
unpublished method of giadual occlusion of the aorta, both abdominal and 
thoiacic (outside of the arch), which promises to deliver the long sought 
piocedure of a gradual and safe aortic occlusion, at least as this has been found 
effective m dogs and, now, holds a good prospect that it will be found equally 
feasible 111 man For this privilege, I am indebted to Dr James C Owmgs, a 
young and capable experimenter — assistant to Dr Harvey B Stone 111 the Sur- 
gical Hunterian Laboratory at Baltimore — who has just been mentioned by 
Doctor Stone m connection with his experiments with heparin 

Through Doctor Owmgs’ peisonal letters, I have learned of his successful 
efforts to obtain a gradual but complete occlusion of the abdominal and 
thoiacic aortas, m piactically any pait of their course, by means of a rubber 
band which is made to conform to the shape of an hour-glass The band, 
acting as a ligature, is nan owed pi ogi essively in three operations at intervals 
of about three weeks each Wide stationer’s lubber bands for the prehmmaiy 
compression weie chosen because they give with the pulsation of the vessel, to 
a certain extent, and are, theiefore. less likely to cut through than metallic 
bands The rubber band is plicated into the shape of an hour-glass so that 
there is no abiupt change in the caliber of the vessel, thereby eliminating the 

sharp edge against which the vessel vail would otherwise be constanth 
butting 

It has been necessar} to apply three of these bands at three successne 
operations at thiee weeks’ intervals, befoie sufficient collateral circulation has 
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l)Lon developed lo nicd^c liijalioii possible \Yhcn the tlind stage is reached 
the vessel is doubly ligated with braided silk and the intei veiling segment is 
thoioughly Clashed with Kelly foiceps, to piomote thrombosis and fibrosis 
The hgatuies aie sejiaiatcd fioni each othci by about i 5 cm, after which 
the crushed segment is cut between ligatures On Apiil i, 1940, Doctor Ow'- 
ings wiotc that he had fotii dogs ready foi this final step One of these had 
been tied off foi ncai 1 } a yeai and the others about seven months The rubbci 
hands aic .ipplied at thiee-w'eck inteixals, one below the othei, or, occasion- 
ally. one o\ci to]) ot the othci This is neccssar} to pioducc sufficient collat- 
eial cii dilation because the 3icld of the ligatuu ])lus the atiojihy of the aortic 
wall IS enough to letstabhsh the prcsMiic below tlie ligatuie within about three 
weeks and. if it is not again com])icssed at least twice, the animals die, fiom 111- 
sullicient ciu Illation to the kidnc\s and Inei, when the final occlusion is made 



Ttcj S (al fiq 3 ih) 


Tir I — (n) Cut eiRcs of rubber Out i"! ••omctinics left louf, inil foltlcil o\cr tbc short c(I(,c 
to nnkc It smooth 

A rubber Iniul is pi iccil 'iromul tbe norm iml fi\e<l iti position uitli ni ittrcss sutures Tension is 
juiReil bj T flibbe \cssel below with no pulsition iml oiih i f iiiit thrill lo be felt 

1 ir 2 — I oiieitiuliml section to show wlnt i guess it is to estmntc the degree of constriction Isote 
tint segment iboee bind is much 1 irgei tlnii below \ bind is pliecd just iboec nn intercosnl ecsscl 
to Keep It from slipping down 

I ir 1 — ('ll Aort i tied md segment between ties crushed with i Kells chnip to iiidncc thrombosis 
md fibrosis ISote tint upper niid lower segments it tins siogc ore ncirh the smic cnlibcr bee lusc 
there is \cr\ little tension in cither of them The ties ore of lieoss hr iidcd silk It is nsinllj necessirs 
to "ipph three Inmls either one immednteU below the other or one oecr toji of the other it three or 
four week inters nls before snfiicicnt coll itenl ciicuHtion cm be desclopcd, liccmsc tension returns bs 
ntropli} of the scsscl ssnll md rcl'iN'ition of tbc bmds 

Tio 3 — (b) I'linl stnge Shossing the crushed md obliternted segment of 'lortn disidcd 

In dealing wuth the thoiacic aoita the lubbei bands were applied to the de- 
scending poition below the arch He has made no attempt to obliteiate the 
vessel pioMinal to the aich The suigical apjiroach has ahvays been trans- 
pleurally by an antei lor thoi acotomy 

On May 21 1940 (aftei the meeting of the Ameiican Suigical Associa- 
tion at St Louis) Doctoi Owmigs w’lote “Since my last lettei I have cut 
acioss the aoita below the point of consti iction, ligating the twm ends wnth 
oidinaiy black silk and allowing them to letiact All thiee animals have done 
vei}' W'ell In fact, they w^ere up and eating w'lthin a few^ hours aftei the 
operation 

“I am going to make some studies on kidney function and tiy to get 
1 oentgenogi ams of the collateial cii dilation before the animals aie saciificed. 
and hope to lepoit the w'Oik in fuithei detail befoie the Southern Surgical 
Association, next fall ’’ 

In 01 del to give a still fiiithei conception of Doctoi Owings’ piocedure 
he has, obligingly, made foui diagiammatic sketches which I am lepioducing 
with then appended legends (Figs i, 2 and 3a and b) 

No one who is famihai wnth this type of expeiimental w^oik can fail to be 
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impressed with the simplicity and soundness of Doctoi 0 \\ings’ proceduie 
and the very extensive field of surgical application vhich it suggests, since it 
IS applicable to the whole extent of the aorta from the arch to the bif in cation 

Dr Herman E Pearse (Rochester, N Y, closing) Seveial questions 
were asked me concerning the cellophane that was wiapped around the ves- 
sels It was ordmar}^ DuPont cellophane, No 300 P T , soaked in alcohol 01 
meicuiy oxycyamde, folded to two or four thicknesses, making a strip about 
I cm wide and wiapped loosely twice or three times aiound the vessels The 
ends were tied 01 were sutured with silk, to hold them fiom slipping 

As to Doctor Reichert’s question, I must confess my ignoiance I know 
of some of Doctor Van Allen’s publications, but I did not believe that he had 
used cellophane 

It IS possible to divide the thoiacic aorta completely I have done it aftei 
thiombosis with the spring The leaction of the dog’s thoiacic aoita is ex- 
actly comparable to that of many human aiteries, and I believe this should 
always be kept in mind in experimental woik on the subject 

Dr Frank Lahey (Boston, Mass ) How does cellophane cause this 
1 each 011^ 

Doctor Pearse I do not know It is a terrific leaction, long-continued and 
persistent but not associated with ordinal y inflammation Theie aie veiy 
few polymorphonuclear leukocytes m the tissue There ai e many large phago- 
cytic cells often containing fiagments of cellophane, which would lead one to 
believe that it is a foreign body reaction 



THE PREVENTION OF ISCHEMIC G/VNGRENE FOLLOWING 
SURGICAL OPEIUVTIONS UPON THE MAJOR PERIPHERAL 
ARTERIES BY CHEMICAL SECTION OF THE CERVICODORSAL 
AND LUMBAR SYMPATHETICS* 

Mtms Gagk, jM D , 

AND 

Alton OciisNrn, MD 

Xi w Oiiu \Ns, 

JHOM Till I>M\UTMI\T O! Btlinin, HCIIOOI Ol MIDICIS} TULINF LMMIlBtTT MW OIlir\SS IK 

Tin: PRHVLNTiON of ischciiiic gangicne following occlusion of the major 
peiiplieral aiteiies has been studied since the time of Petit who, m 1731, ob- 
served the local effects of ligation of an artery The results of occlusion of 
the major peripheral vessels have been extensivcl} in\estigated, both clini- 
cally and experimentally These studies have resulted m a fairlj complete 
understanding of the underhmg pathologic ph}siolog} Following major 
peripheral arterial occlusion certain changes occur, man} of which are com- 
monly accepted, Avheieas some aic considcied speculative One factor com- 
mon to all major aitenai occlusions is a decrease m blood supply distal to 
the occlusion, resulting m ischemic changes varying from necrosis of a few' 
cells to massive gangiene of an entire extremity 

The prevention of ischcmic gangiene following sudden occlusion of a 
majoi peripheral arteiy is desiiable m all cases The causes of this most 
undesiiable complication and the methods of its pievention will be discussed 
111 this presentation The lesions of the peiipheral I'ascnlar tree which are 
potential or actual causes of ischemic gangiene, in order of frequency are 
traumatic injuiies, aneuiysms, and arterial embolism The usually employed 
suigical treatment in arterial mjuiies and aneuiysms is sudden obliteration 
of the involved artery either by hgatuie 01 by sutuie, whereas m aiterial 
embolism, arteriotomy and artei 101 rhaphy ha\e been the so-called procedures 
of choice 

The peripheial artei lal system is composed of a mam arteiy with second- 
aiy branches (collateial cnculation), capillaiies (both aiteiial and venous), 
venules, and mam collecting venous tiunks The vessels as far as the capil- 
laries aie neuiomusculai tubes through w'hich the blood cn dilates to supply 
the component paits of an extiemity w'lth both nouiishment and oxygen 
The veins aie the disposal system w'hich returns the used blood back to the 
heait and lungs A thud circulation is the lymjDhatic system w'hich is de- 
pendent upon an intact vascular s)'stein foi its normal function Tlie blood 
vascular system, w'lth the exception of the capillaries, is undei the influence 
of the sympathetic neivous system, wdneh contiols the calibei of the vessels 
and also to a certain degiee the blood volume flow Thiee essentials foi a 

* Read before the American Surgical Association, St Louis, Mo, Alay i, 2, 3, 1940 
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normal aiterial blood volume flow are elasticity of the vessel wall, vaso- 
motor balance, and cai diac output The venous circulation is dependent upon 
vasomotor control, capillary pulsations, and a normal peiipheral venous pies- 
sure (Kountz^) In Kountz’s perfusion experiments it was almost impos- 
sible to force the blood through the capillary bed when the veins had been 
previously emptied However, with a tourniquet around the limb, elevating 
the venous pressure lo to 20 Mm Hg , a maximum aiterial flow occurred 
Fiom this investigation he concluded that peripheral venous piessure has an 
important influence on the passage of blood through the capillaries Ac- 
cording to him, Silbert, Lilienthal, Collens and Wilensky observed the same 
phenomena clinically in peiipheral vascular diseases Therefore, it is neces- 
sary that a ceitam residual pressure be present both on the arterial and 
venous sides to maintain normal peripheral capillary circulation 

That the third circulation, or lymph flow, is dependent upon the normal 
blood flow (arteiial and venous residual piessure plus capillary pulsation) 
has been demonstrated experimentally by Monteno,- and McMasters and 
Parsons ^ McMasters and Parsons, and Cressman and Blalock"^ showed ex- 
perimentally that capillar}'’ pulsations were necessary for the lymph flow 
Monterio demonstrated that by increasing the peripheral lesidual pressure 
by sympathectomy there occurred an increased lymph flow m the extremities 
Therefore, we are justified 111 assuming that a normal peripheral circulation 
(aiterial, venous, and lymphatic) is dependent upon a residual arteriovenous 
piessuie, capillary pulsations and sympathetic balance Any alteration in 
arterial or venous piessures, blood volume flow, or sympathetic control will 
pioduce marked disturbances 111 1101 mal function When these become ir- 
leversible, permanent tissue damage lesults 

It IS well known that ischemic gangrene does not always follow occlusion 
of a major peripheral aitery The necrosis is prevented m such an instance 
by the maintenance of an adequate blood supply through the collaterals In 
both the uppei and lower extremities there is an abundant collateral circula- 
tion which nevei functions to its full capacity as long as the mam vessels 
function normally It is only when the mam artery is occluded that the 
collaterals take over the function of the occluded vessel The functional 
capacity of the collateral circulation to compensate for major arterial loss 
varies according to site of obliteration, 1 e , there are certain anatomic loca- 
tions 111 which the mam arterial circulation is most vulnerable, due to a 
deficient collateral vessel anastomosis The obliterations of the common fe- 
moial, caiotid at its bifurcation, and the popliteal arteries are frequently fol- 
lowed by grave consequences The collateral circulation around the shoulder, 
elbow, hip, hand, and foot is very abundant (Figs i, 2 and 3) The 
collaterals around the knee are rather scant because there are no great masses 
of muscle bridging the knee joint (Sehrt^) 

The function of the collaterals is to maintain adequate blood supply to 
the tissues of the body In reality they are nothing more than arterial 
branches that originate from the main parent arterial stem They, in turn, 
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bieak up into an extensive capillary nctuoik in the bone, muscle, subcutaneous 
tissue, and skiu 1 liey aic undei contiol of the same sympathetic system 
wliitli coutiols tlic mam aitciy Thcieforc, an} disturbances, direct oi iefle\ 
within the mam aiteiial stem aflect the collaterals secondaiily Probably the 
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most impoitant function of the collateral vessels is the substitution of an 
efficient ciiculation to an extiemity in which the main stem artciy has been 
ohhteiated In fact aicoidiin,^ to ^fatas,” the important results for the suc- 
cessful ohbtciation of the mam aitei} of an exticmih are dependent upon 
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Tic 2 — Drawing show mg tlic collateral circulation liriilgmg 
(fie axillary to hrichn) The illustration also demonslrita the 
collateral xessels of the entire upper extremitj 


the efficiency of the collateial ciiculation It is, therefoie, an indubitable fact 
that the incidence of ischemic gangiene following sudden occlusion of a 
major aiteiy of an extiemity is dependent upon the inadequacy of blood 
volume flow^ thiough the collateial vessels, and vanes fiom 52 pei cent' to 
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458 per cent'’ The incidence vanes gieatly in the difteient types of ob- 
struction In traumatic lesions the incidence of ischemic gangiene \anes 
from II per cent’’ to 45 8 per cent,® in ligations for aneurysms, 5 2 pei cent' 
to 15 per cent,^° and m embolic obstruction it is probabl)’’ highest of all, 
averaging over 30 per cent 

In traumatic lesions of the mam aiteiial ti links of the extremities, the 
incidence of gangrene, according to Tuffier,^® is 402 pei cent Heidi ich^'^ 
leported an incidence of 155 per cent of ischemic gangrene m 995 cases 
following ligation of the laige peiipheral arteries Ki etzschmann® repotted 
an incidence of ii per cent gangiene leqtiirmg amputation m a senes of 72 
cases of traumatic lesions involving the peiipheral aiteiies Makms,® m loi 
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Fic 3 — Dra\Mng showing the abuiidint collatcinl circulation 
bridging the iliacs to the femoral The col! itcral circulation 
bridging the popliteal is also illustrated 


cases of wai wounds of the major peripheral arteiies, had an incidence of 
28 per cent ischemic gangiene Sehrt,® m 1938, stated that ligation of the 
mam arteiy m the lower extremity resulted 111 gangrene m 20 pei cent, 
^^hereas ligation of the axillai}'- artery resulted in ischemic gangiene in only 
78 per cent That the incidence of ischemic gangiene vanes following oc- 
clusion at diffeient levels of the same arteiy as well as the different major 
aiteiies of the extremities, is demonstrated by the following statistics sub- 
clavian, 25 pel cent, axillarc, 166 pei cent, biachial aitery, 23 pei cent, fem- 
oial, 25 pei cent, popliteal, 4166 per cent, tibial, zero per cent, carotid, 
3333 cent (Makms®) Makms stated that there nas considerable vana- 
tioii in the incidence of gangrene following injury to the popliteal artery ac- 
cording to the location of the arterial mjuiy In 15 cases with injuries m 
the uppei third gangrene occuired in thiee (20 pei cent) . m 25 cases vith 
iiijuiies in the middle thud, gangiene ocemred m ten (40 pei cent) . and 
in 20 cases with mjuiies m the lower third, gangrene occurred m seven (35 
per cent) These significant variations m the incidence of gangrene at 
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\anous levels of the popliteal are dependent upon the anastomosis about the 
knee luffiei’' lepoilcd an incidence of 41 16 per cent gangrene following 
injury to the popliteal alter} in 24 cases, and stated that, in general, ligation 
of the arteries at the loots of the limbs results in ischemic gangrene in 402 
pel cent 

In the majoiit} of traumatic lesions of the peripheral arteries, the pref- 
eiable tieatinent is the ligation of the injured vessel, \\hich results in its 
sudden occlusion The injuiy plus the sudden occlusion produces patho- 
logicophysiologic changes that arc icsjionsiblc for the high incidence of 
ischemic gangrene The lapid progiession of this process also prevents the 
development of an adeejuate cii dilation Both the pathologicoph}sioIogic and 
collateral dcielopments will be discussed later 

Sudden artciial occlusion b} an embolus produces an incidence of ischemic 
gangicnc comparahle to the incidence occuning following traumatic arterial 
lesions Both produce sudden occlusion and the pathologic physiolog} is ver}^ 
similai Dan/is" leportcd 129 cases of arterial embolectom} with an in- 
cidence of gangiene in 39 5 per cent Linton’- collected 2S2 cases of arterial 
embolectom}, in onh 30 jier cent of which was theie a letiirn in circulation 
In a jieisonal senes of 44 emboli occurring in 36 patients, of whom onK 12 
weic operated ujion the incidence of ischemic gangrene necessitating ampu- 
tation was 67 pel cent In anothei senes of 17 cases, treated s} mptomatically, 
ischemic gangrene de\ eloped in 12 or 70 per cent In aitcnal embolism, 
as in ligation foi aiterial trauma, there is ,i sudden occlusion of the main 
aitery of an extremit} without suflkient time foi the collateral circulation 
to develop, w'lth the icsult that the high incidence of ischemic gangrene is 
due to failure of the periphcial cii dilation 

In contrast to the above is the low incidence of ischemic gangrene fol- 
lowing sudden occlusion of the major arteiy of an extremit} foi the cure 
of aneuiysm Matas’ leportcd an incidence of 5 2 jier cent in 154 cases of 
aneuiysm Bud,’'’ on the othei hand, estimates that the incidence of gan- 
grene following occlusion of the popliteal aitery for aneur}sm ^arles from 
8 to 15 jiei cent The low incidence follow ing treatment of aneurysms is 
due to the fact that (i) the aneurjsm icsults in an interference with the 
noinial blood volume flow, which is nioie maiked in aiteiioienous aneurysms 
than arterial, and (2) theie is sufficient time for the estimation of the col- 
lateial efficiency and the development of the collateial circulation in cases 
in wdiich it IS found deficient This contention is demonstrated b} De Four- 
mestiaux’s’’’ statistics as follows in ligating the common carotid for hemor- 
ihage, the moitality was 54 pei cent, foi tnmois, 46 pei cent, for arterial 
aneurysms, 135 pei cent, and foi ai tei lovenous aneurysms, 7 per cent — 
demonstrating also that the ai tei lovenous fistula develops a more abundant 
collateial than the arteiial type 

The sudden occlusion of a majoi peripheial artery produces a typical 
syndrome which is familiai to the majority of surgeons This is characterized 
by pain and sudden cessation of the peripheral pulse, follow^ed b}’' vaiioiis 
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color changes in the skin, lowering of the surface temperature, numbness, 
and varying degiees of functional loss 

Accoidmg to Peaise,^^ theie is a definite elevation m arteiial pressuie 
proximal to the point of occlusion, the height of the piessuie varying with 
the caliber of the vessel occluded There was a marked fall in aiterial pres- 
suie distal to the ligature in all of his experiments He stated that this fall 
in systolic pressure never returned to normal Wilson,^'^ m a large senes of 
well controlled experiments, leported some interesting findings following the 
occlusion of the mam artery to an extremity Followmig ligation of the mam 
artery of the hind leg of the rabbit, tbe caiotid pressuie rose from 138 to 
144 MmHg, whereas the arterial pressure distal to the ligature fell from 
128 to 78 MmHg, a drop of 50 Mm The venous pressure diopped from 
a normal of 6 to 3 8 Mm Hg A fall in peripheral venous pressure is a very 
serious handicap to the reestablishment of blood volume flow^ as demon- 
strated by Kountz^ m his perfusion experiments upon amputated lowei ex- 
tiemities He stated that when the veins w^ere emptied befoie amputation it 
was almost impossible, b}^ perfusion, to force modified blood through the 
capillaries However, on elevating the venous pressure 10 to 20 J\Im Hg by 
applying a constrictor, 1101 mal blood flow was established The arteiial vol- 
ume flow per minute fell from 95 60 to 30 46 cc There also occui red a 
cessation of arterial pulsations distal to the occlusion It is seen fiom these 
experiments that both arteiial and venous limb pressures fell markedly and 
that the mass of blood m the extremity and the volume flow of blood pei 
minute w'eie greatly diminished He further demonstiated that the oxygen 
consumption per minute of the tissues of the wdiole limb and of the tissues 
below the obstruction w^as diminished Mulvihill and Harvey^® demonstrated 
experimentally that ligation of a major peiipheral arteiy resulted in the 
decrease of from 10° to 30° F tempeiatuie m the involved extremity How^- 
ever, a return of the temperature of the extremity to its previous level oc- 
curred ill about 13 hours after ligation of the mam aitery to the limb They 
believed that this return of the temperature to normal w^as a vasomotor phe- 
nomenon, wdnch they later proved by blocking tbe sympathetic vasoconstrictor 
fibers Theis^*’ demonstiated that theie is a definite fall m aiterial piessure 
followmig ligation of the femoral artery 111 the dog The blood pressure re- 
mained 10 to 30 MmHg lower distal to the aiterial occlusion and it failed 
to return to normal at any time during a seven months’ observation The 
lesiilts of Haimovici’s-” experiments explain the phenomena resulting from 
the sudden occlusion of a major peiipheral arterj'- This authoi introduced 
a balloon into the major peripheral artery of a dog’s extremity It w^as pos- 
sible to distend the balloon to variable pressuies He w^as able to partly 
occlude the vessel, occlude the vessel slowdy, or produce a sudden complete 
occlusion of the Aessel He observed that there w^as no vasomotor reaction 
if the vessel w^as incompletely obliterated and similarly no reaction occurred 
the lumen w^as slowly obliterated However, if sudden complete oc- 
clusion was pioduced, a maiked vasomotor response occurred This response 
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consisted of vasosiiasin in the legion of the obstruction, vasospasm in the 
distal vessel, and aitcriolcs and even the capillaiics were affected He also 
stated th.it tins vasospasm could extend to the collateials and manifest itself 
m the neighboring vessels even at a distance fiom the occlusion llaimovici-" 
called this vasomotoi leaction “arterial colic,” and refers to the pain accom- 
])anying ^asoconstrlctlon of the vessels as such llaimovici’s experimental 
obsenations aie confiimed clinically by the manifestation in aiterial occlusion 
by embolism and thiombosis If the aiterial embolus is not occlusive but 
secondaiy thrombosis slowh takes place, piactically no casomotor disturb- 
ances occui lliis IS because a asoconstiictor impulses afTcctmg the collateials 
aic not initiated, and, also, because there is adequate time for the devclojiment 
of a collate! al ciiculation Conveisely, if the lumen is suddenly occluded by 
.m embolus, vasoconstiictoi impulses originate at the site of the embolus and 
sjnead to all the arteiial ramifications including the collateials, and the 
piocess jiiogi esses so rapidly that there is insufficient time for the develop- 
ment of collaterals It is evident that both exjierimental and clinical investi- 
gations aie compatablc and substantiate each other therefore, the majoi 
symptoms following occlusion of a pciipheral arter} aic dependent primarily 
upon the cessation of blood volume flow through the arter) distal to the 
ligatuie and secondaiily upon the initiation of vasospasm which may spread 
to the entnc vascular tree as desctibed by IlaimoMCi 

It IS common knowledge that tiauma to a laige peripheral aitery produces 
\asospasm at the site of the trauma w'hich not infrequently spreads to the 
whole vascular tiee We ha\e seen several cases of segmental arterial spasm 
wuth concomitant iinolvcment of the distal cascular tree associated with 
peiivasculai trauma resulting fiom a so-called “Mctcgci Vulctzung” (butch- 
ei’s injuiy) This mjur) occurs during the skinning of beef, and is the 
lesult of slipping of the knife, lesulting m a stab w’ound on the upper medial 
aspect of the thigh and tiauma eithci of the femoral vessels oi the perivas- 
cular tissues m the upper end of HiiiiteTs canal Even though the femoial 
vessels aie not divided m many instances, leflex casospasm is of such mag- 
nitude that the clinical manifestations aie identical with those of complete 
arteiial section Montgomeiy and Ireland-^ collected 42 cases of tiaumatic 
segmental aiterial spasm and added two cases of then owm We have, also 
observed tw'o cases of segmental aiteiial spasm of the biachial aiteiy follow- 
ing fiactuie of the humeius Following the injiiiy the aim distal to the 
segmental ai tei lal spasm and the foi eai m, including the hand, w ere cadavei ic 
Theie was no pulsation m the radial, ulnai, 01 biachial aiteiies distal to the 
injury Tiue vasospasm w'as pi oven by the immediate lelief following noco- 
cam analgesia of the stellate ganglion, wduch produced an immediate letiiin 
of color to the aim and pulsation m the distal aiteries 

Flalsted,-- Lenche,-^ Matas,-^ and La Roque-'”’ demonstiated, clinically, 
that spastic conti action of an artery at a point distal to the site of tiauma 
incidental to handling laige blood vessels occui s not infiequently Accoid- 
mg to them, this spasm was the lesult of vasomotoi 1 espouse to stimuli 
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Matas“^ lepoited a case of temporary obliteration of the pulse distal to an 
aneuiysm in which, at operation, a patulous lumen of the arteiy was demon- 
stiated According to Leiiche,-^ ligation of a majoi peripheial arteiy initi- 
ates a vasomotor spasm of the vessels of the extremity, and because of this 
he advised double ligation with seveiance of the vessel between the hgatuies 
instead of ligating m continuity 

We believe that there are varying degiees of venospasni occuiring con- 
comitantly with arterial spasm The reverse has been pi oven both expeii- 
mentally and clinically, t e , that in sudden occlusion of the deep major vein 
there occuis an associated arterial spasm which at times simulates aiteiial 
emliolism Uggeii and Massone-^* reported three cases of thrombophlebitis 
of the extremities with ischemic arterial manifestations They divided the 
arterial ischemic reactions into three groups Group I The ischemic S3unp- 
toins appeal with or after the phlebitic signs Group II The signs of cii- 
culatory deficiency appeal suddenly and to such a degiee that it is difficult to 
diffeientiate them from those produced by primary arteiial embolus Group 
III Theie are the same clinical manifestations as in Gioup II, except that 
the onset and the ischemic manifestations are less intense As the aiteiies 
reveal piactically no pathologic changes, the ischemic manifestations aie due 
to vasospasm initiated in the thiombophlebitic lesion DeBakey, Buich, and 
Ochsner,^" m a senes of experiments upon dogs, isolated a segment of the 
femoral vein between two ligatures, aspirated the blood from the segment, 
and injected an equal quantity of 40 per cent aqueous solution of sodium 
salicylate They found that the peiipheral volume pulsations decreased (52 5 
per cent) following ligation of the vein, reaching a maximum within five 
minutes When sodium salicylate was injected into the isolated segment pro- 
ducing a chemical phlebitis, the peripheral volume pulsations decreased (fir 6 
per cent) This decrease in the peripheral arterial pulsations did not occui 
if a previous sympathetic ganghonectomy had been perfoimed Conclusions 
deducted fioni their experiments in determining the possibility of an ipso- 
lateral aiteiial and arteriolar vasoconstriction in femoio-ihac thiombophlebi- 
tis aie as follows “It is evident that a chemical irritant placed either m the 
lumen of the main vein of the extremity or in the perivasculai tissue of this 
vein produces a marked diminution in the volume (fir 6 per cent) of peiiph- 
cral pulsations Howevei, interruption of the neive pathways by local 
infiltration with piocaine hydrochloride at the site of the chemical nutation 
or by resection of the lumbar sympathetic ganglia and chain abolish this 
effect This would suggest, therefore, that the deciease in volume pulsations 
lollowing chemical phlebitis and periphlebitis is due to vasoconstnctoi im- 
pulses initiated locally by the chemical irritant and coursing through the 
sympathetic ganglia in order to reach the teiminal arterial vessels of the 
extremity” Ochsner and DeBakey-® also demonstrated that in clinical 
cases of femoro-ihac thrombophlebitis (phlegmasia alba dolens) there is 
marked decrease in the ipsolateral peripheral arteriolar pulsations ■\\hich is 
piobably lesponsible for the ^^hlte color and deciease m sui face temperature 
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in tlicbc eases llie isehcinic manifeslations in these can be abolished effec- 
tively by novocain block of the regional sympathetic ganglia Ibey believe 
that the manifestations in tbiombopblcbitis aic clue less to the associated 
\cnospasm than to a reflex arteiiospasm 

Anotbei eiiculatoiy disturbance to wbieb ue attach great importance is 
the inteifeience ol blood flow tbiougb the \asa vasouim in arterial spasm 
As the vasa Aasouim are the ebanneis tbiougb wbieb the vessel vail receives 
its nouiisbment, and as they are in juxtaposition to the musculatuie, ve be- 
lieve that m arterial spasm there is maikccl interference vitb the blood supply 
to the aiterial wall According to Cummins,*" even the endothelial lining of 
the aiteiies lecenes some of the nounsbment fiom the blood carried in the 
vasa vasoium It is likely that inter fciencc with nutiition to the endothelium 
even for a sboit mter\al will cause sufficient pathologic cellular changes m 
the Ultima to pioduce aiteiiolar tlnombosis 

From the abo\e diseiission, it can be concluded that a sudden occlusion 
of a majoi pcripbeial aitery pioduces the following patbologico-pb) siologic 
changes (i) sudden obbteiation of the peripheral pulse, (-2) marked de- 
ciease in blood eolume flow , (3) rapid fall 111 the temperature ot the limb 
tissues, (4) temporar) 01 c\cn jiermanent cessation of capillary pulsations, 
(5) marked and sustained dccieasc m the artenal and \enous residual pres- 
sures, (6) moderate to se\eie easospasm of the entire arterial tiee distal 
to the aiterial obbteiation , (7) dcciease oi cessation of lymph flow , (S) con- 
comitant venospasm, (9) mass of blood m the limb and blood volume flow 
per minute greatly diinmisbed, (10) mtcrlerencc with easa vasorum cir- 
culation by the artenal vasospasm, and (11) pathologic changes within the 
vessel wall resulting m tbiomboscs Unless the abo^e pathologic plnsiology 
is pi evented, or mnnediatelj corrected after the first clinical manifestations 
ischemic gangrene, either segmental 01 massne, will deielop and this may 
lesult in the loss of an extremit) 01, not mfrequenth% life itself 

In suigery of the major peiiphcial arteiies. all of the aboce changes 
must be constantly kept 111 mind and methods must be instituted preopera- 
tively and postoperatn ely to preeent then occurrence A failuie to appreciate 
these fundamental piinciples wall only lesult in disastei 

To pi event the development of ischemic gangrene following surgeiy of 
the mam peripheial aiteries (wdnch m the majority of instances consists of 
obbteiation of the eessel by hgatuie), it is neeessai}’’ to (i) test the effi- 
ciency of the collateial ciiculation, (2) develop the collateral cn dilation when 
found deficient, (3) prevent segmental and diffuse aiteiial vasospasm, (4) 
pi event venospasm , (5) mciease the blood eoluine flow through the collaterals 
and the mam vessel distal to the hgatuie, (6) maintain capillary pulsations, 
(7) maintain lymph flow and spiead, (8) mciease peripheral residual pres- 
sure, (9) maintain a noimal 01 elevated tissue teinperatui e , (10) increase 
blood volume flow^ thiough the vasa vasoium, and (ii) prevent tlnombosis 
of peripheral arterioles and capillaries 

In testing the collateral ciiculation the following methods have been ad- 
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vocatecl Matas compressoi , Moszkowicz’ test , oscillometnc i eadings , 
pleth3smographic readings, and theimocouple readings We aie partial to 
the Matas compressoi test because it produces occlusion of the involved 
artery, shunting the blood flow through the collateral vessels In othei words 
Its application is identical to a temporary ligatuie without damage to the 
artery The test is easily pei formed and gives accurate infoimation as re- 
gards the efficiency or inefficiency of the collateral circulation during oblitera- 
tion of the main peripheral arteiy Moszkovicz’s test is mainly used to 
determine the site of amputation in the presence of penpheial gangrene and 
is not applicable to the subject undei discussion The other tests are im- 
poitant in detei mining the piesence or absence of as well as the degiee of 
vasospasm, hut they do not give reliable information concerning the col- 
lateral efficiency, because the mam vessel is patent Howevei, A\hen used 
m conjunction with the Matas compressoi they aie invaluable because the 
degree of vasospasm can be accuiately determined following the obliteiation 
of the mam peiipheral aitery by the compiessoi The above test can he used 
only m elective suigeiy of the laige peripheral aiteiial trunks In the elec- 
tive cases theie is ample time foi piolonged study, and all the information 
legal ding collateral ciiculatory efficienc}'-, vasospasm, venous piesure, lesidual 
aiteriovenous pressuie, tissue pressuie, and tissue tempeiatuie can he ob- 
tained with safety, preoperatively Howevei, m tiauinatic lesions of the major 
penpheial arteries and m sudden occlusion by an embolus, the time element 
piecludes accurate study and testing of the efficiency of the collateial cncu- 
lation In the vast majoiity of tiaumatic lesions the patient is m shock, 
therefore, many of the tests advocated above would he contraindicated Even 
if they were used, the results would be of little significance because expeii- 
mental results and clinical observations have demonstrated that in the tiau- 
matic lesions as well as in sudden and complete embolic occlusions, the col- 
lateial circulation is inadequate due to the pathologic physiology induced by 
vasospasm Theiefore, methods must he employed that will establish and 
maintain an efficient collateial circulation, increase the blood volume flov , 
and at the same time prevent arteiiovenous vasospasm of the peiipheral 
lasculai tree As the incidence of gangiene is in direct pioportion to the 
efficiency of the collateial ciiculation, the methods employed to prevent 
ischemic neciosis aie mainly those of developing an adequate and sustained 
blood volume flon thiough the primal y and secondary collateral \essels 
The methods used to develop the collateral ciiculation aie divided into 
(he following gi oups (i) spontaneous, (2) mechanical , and (3) physiologic 
The spontaneous development of a collateral ciiculation is the lesult of in- 
complete and giadual interfeience nith the blood flow thiough the mam 
penpheial aiteiy This commonly occuis in penpheial aneurysms, of which 
the ai tei lovenous t}pe is likely to develop a moie efficient collateral circula- 
tion than the aiteiial This is because an ai tei lovenous aneuijsm in the ma- 
]ont} of instances pioduces a gi eater mteifeience to the arterial blood flov 
at the site of the fistula The obstruction to the blood flou by an arterial 
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ancui^sm (lepciids to .i gic.it extent upon the type and sacculai form of the 
.meut3sni llowcvei, a good pi copci .ativc collateral ciiculation in an aneu- 
1 vsm IS no wall. lilt} that it will he mainlaincd postoperativciy The statistics 
01 Matas." Bud and De Fourmestraux’"’ dcmonsti.ite that spontaneous de- 
\elopincnt of the tollatcial ciiculation is common in .aneur3sms 

1 he mechanical methods used to develop the collateral ciiculation in order 
of then elfic.icy aic the Alatas compressor, mtcimittcnt venous occlusion 
(including the Pacaex), .and simult.meous ligation of the concomitant vein 
'1 he r^l.itas compressoi obliterates the mam artciy above the .aitcrial lesion 
shunting all the jieiiphcr.il ciicuhition through the coll.ater.ils distal to the point 
of obliteration The compressoi is applied daih foi increasing intcivals of 
time until an adequate coll.atci.il ciicul.ition has been cst.abhshed J he time 
icquiicd to obtain the desired results is occasionally considciable .md. thcic- 
loic, can he used 01113 in the clcctne cases of vascular lesions It c.innot he 
used as an cmcigcncy pioccduie Theieforc, it is of little value as a picjiaia- 
toiv method in ti.aum.itic lesions and peripheral arteiial embolism 

The mteimittcnt cenous occlusion and the passu c cascular exciciscs have 
the s.imc limitations of application as the Matas compressor as a preoperatue 
method m all but the clcctne cases Both of these mechanical methods are 
moic fiequcntl3 used in the incsencc of an inadequate collateral ciiculation m 
piogicssive 01 game disease of the peripheral aitciies However, thc3 might 
be used postoperative^ to advantage, if the collateral circulation manifests 
c\idence of beginning failuic 

Simultaneous ligation of the concomitant vein when a laige peripheral 
aitciy IS ligated has been used i.ithci cxtcnsucl3 o\ci a period of 3'eais in an 
attempt to incicase the blood volume flow through the peripheral capillaiies 
\ on OppeP^ was prohabl3" the first to advocate ligation of the concomitant 
\em when a laige peripheral aitei3'’ was ligated HoweAcr, Makins^ states 
that It w'as possible that John Hunter ligated the accompan3nng vein in his 
fiist thice cases of ligation of the femoial aiter3^ foi aneur3sm Since von 
Oppel’s first lepoit considerable clinical and expeiimcntal data hace been pie- 
sented in facoi of and against the proceduie Yon OppeP- ligated the poplit- 
eal satellite vein simultancousl3’- w'lth the popliteal aitcry 111 six cases of 
pciipheial vasculai disease He noted a maiked change in the coloi of the 
foot coiiesponding to an inci eased collateral ciiculation He believed that the 
vein ligation inhibited to a ceitain degiee the incidence of ischemic gangiene 
Ifolinan'’* states “that the evidence, .amid the w’eltei of many inconclusive 
ex]9eiiments, pioces beyond doubt the beneficial etfect pioduced upon the 
nutiition of a limb by the simultaneous ligation of arteiy and vein ” Tuffier^* 
lecoided an incidence of ischemic gangiene of 41 66 pei cent followang liga- 
tion of the popliteal aiteiy and an incidence of 40 2 pei cent followang ligation 
of all laige peiipheial aiteiies at the loot of the limbs In cases in wdneb 
theie w^as simultaneous ligation of aitei3' and vein (popliteal) the lespective 
incidences w'eie 21 pei cent and 24 5 pei cent, almost a 50 pei cent reduction 
Heidi icli^‘ lepoited a series of 198 aiterial ligations with simultaneous hga- 
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lion of the satellite vein with an incidence of only 8 5 pei cent gangrene 
Wheieas, in 995 cases in which the aiteiy alone nas ligated, the incidence was 
15 5 per cent Makins^ reported a 28 pei cent incidence of gangrene 111 loi 
cases in which the aiteiy alone was ligated and a 19 7 pei cent incidence 111 71 
cases with simultaneous ligation of the aitei}'^ and the vein Biooks,'*’* aftei 
extensive experimental woik, concluded that this piocedure is of immediate 
benefit in decreasing the incidence of gangrene, but cautions against the late 
effects in promoting venous stasis He advocated ligation of the concomitant 
vein when the common femoral, common carotid, and popliteal aiteiies weie 
ligated, because occlusion of these arteries is fiequently followed by gangiene 
According to Coudray,^' ligation of the mteinal jugular \em simultaneously 
with the carotid diminishes the risk of hemiplegia Selnt^ reported an in- 
cidence of 20 per cent gangiene folloiving ligation of the mam peiipheral 
arteiy of the low^er extremity However, when the vein and artery weie 
ligated concomitantly the incidence fell to 9 per cent In a veiy excellent and 
w'ell -controlled experimental investigation of the effects of simultaneous liga- 
tion of majoi peripheial arteiies and veins, Wilson^" found that when the 
femoial artery w^as ligated the peripheial arteiial piessure dropped from 138 
to 78 Mm Hg , the venous pressure dropped from 6 to 3 8 Mm Hg , and the 
blood volume flow' per minute fell from 95 60 to 3046 cc When aiteiy and 
vein w'ere simultaneously ligated the arterial piessure diopped fiom 138 to 94 
Mm Hg , the venous pressure w'as elevated from 6 to 22 Mm Hg , and the 
blood volume flow' pei minute decreased from 95 60 to 25 81 cc Wilson con- 
cluded from his experiments that the simultaneous ligation of the concomitant 
vein does not lessen the incidence of ischemic gangiene W'hich follow's the liga- 
tion of the mam artery of a limb, nor does it deciease the severity of 01 the 
clistiibution of muscle necrosis 

Fiom the above statistics, it can be concluded that the simultaneous liga- 
tions of major peripheral arteries and veins diminishes but does not prevent 
the occuirences of ischemic gangrene Wilson’s investigations demonstiated 
that such a procedure causes a marked reduction in blood volume flow , w'luch 
is undesiiable We believe that the proceduie is not indicated because bettei 
lesults can be obtained by abolition of sympathetic impulses Also as shown 
b\ DeBakey, Burch, and Ochsner-^ simple ligation of the femoial A'ein of 
the dog produces a reduction of volume pulsations (52 5 per cent) m the foot 
'Mthough various methods have been used to decrease the incidence of ischemic 
gangrene following occlusion of major penpheral aiteiies, none has been 
universally successful Because of the occasional failuie m maintaining ade- 
quate cii dilation 111 such cases by means of the usually employed methods and 
because of the invariably good results w'hicli w'e have obtained from the use 
<^f plnsiologic method, 1 e , interrupting the vasoconstrictor impulses, we haie 
uliancloned all other methods m favoi of this one It is a method that can be 
Used pi eopei atu ely, at the time of operation and postopei atn ely, m all oper- 
^itions upon the penpheial \ascular system It should be designated the 
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physiologic method liccausc those impulses (vasoconstnctoi ) which are re- 
sponsible for the diminution of the blood .11 e pi evented 

Jaboula},'* in 1899, proposed peiiarteiial sj mpalhcctomy to mciease the 
circulation m the extiemities Leiithe,*'’ in 1913, pcrfoimed periarterial S3'm 
pathectoni) upon the femoial alter) and ohser\ed that the ma\imum effect 
OLCuiied within 36 hours postopeiatncly d he effect was an increase in the 
aiterial piessuie "which usualh became an hypci tension, ’ and also an increase 
m surtace temjieiatuie d hese effects, howc\er, graduall) disappeared 
Lei idle m 1913, stated that ‘‘the clinical iihenomena following pariartcnal 
sympathectomy aic in accordance with the expciimcntal facts determined by 
Claude Heinaid m 1832 ’ IleincK, Essex, and Baldcs ” demonstrated cxperi- 
mentall) that theic was an mci cased blond \olume flow through the femoral 
aitei) ot the dog following lumbar s)m|)athcctonn Thc\ found that the 
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mcl eased flow w'as twice that of noimal ihc) also obseiced at the same time 
that ether anesthesia jirodnccs an inci case m blood flow equal to that produced 
by sympathectomy The lattei obseI^atIon is of gieat significance because m 
ligating a peiipheial aitei) the cnculation ma) seem adequate at the time ot 
the opeiation only to fad sevcial liouis latei, the vasodilatation being cine to 
the anesthesia 

Mulvihill and Harvey^® oliseiced that there occinred constantl) a fall m 
tcmpeiatuie of the extiemit) following ligation of the dog’s iliac aitery 
Idow^ever, such a deciease in tcmpeiatuie w’as obinated b) the simultaneous 
performance of sympathectomy On the basis of his experimental obseiva- 
tions, Theis^® found that follownng sympathectomy theie was an increased 
blood volume flow^ thiough the collateral aiterioles as w'ell as an increase m 
both sen face and deep tempeiatuies He also demonstiated that in the main 
artery below^ the hgatuie there w'as an increased blood volume flow' of 60 
volumes per cent, and a 15 pei cent average use m blood piessure The 
author obseived that the fall in the peiipheral aitei lole piessine upon the 
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sympathectomized side lapidly returned to noimal and at the end of ten 
months was the same as the noi mal blood pressure His conclusions n ere that 
sympathectomy pieceding the ligation of the femoral arteiy m the dog lesulted 
in an increased blood volume flow, sustained normal peiipheral piessure, pre- 
vention of arterial vasospasm, and the immediate and rapid de\elopment of an 
adequate collateral cnculation This marked increase in collateial cn dilation 
remained constantly gi eater than the physiologic increase taking place in the 
unsympathectomized limb This is demonstiated giaphically in Figuie 5 
which demonstrates the effect of sympathectomy upon the noimal peiipheial 
vascular tree Monteiio- has shown, expei imentally, that there is a definite 
increase m the lymph floiN of an extremity following lumbar sympathectomy 
This is an important ohseivation because m the absence of peiipbeial pulsa- 
tions (pioduced by arteiial occlusion and vasospasm), McMasteis and Pai- 



PiG 6 —Illustrating the effect upon the Fig 7 —Illustrating the effect of sjmpa 

pcnpheril \essels distal to sudden occlusion of tlietic block upon aneur\snis and the peripheral 

the major arter> bj embolus or ligature right aessels 


soils'^ have shown experimentally that theie is no flow of lymph Cressman 
and Blalock^ have made similar obseivations 

As previously stated, in the presence of vasospasm the circulation thiough 
the vasa vasoi um may be so decreased that a definite interference with nuti i- 
tion of the vessel wall may lesult m mti a-artei lole thiombosis Giiffith and 
his cowoi kers'^*’ have lecently demonstiated, expei imentally, that the vasa 
vasoi um of the femoral artery in the rat are definitely inci eased m numbei. as 
well as in diameter, following sympathectomy 

From a critical review of the effects of sympathectomy upon the vasculai 
tiee in the noimal and obstiucted major peiipheial aiteiies, it can be definitely 
stated that sympathectomy counteiacts the pathologic physiology produced by 
occlusion of inajoi peripheral vessels (Table I) (Figs 4, 6 and 7) There- 
fore, sympathectomy oi sympathetic block (preferably the latter) as a thera- 
peutic measure to pi event ischemic gangrene is definitely indicated in suigery 
of the major peiipheral aiteries This method of dcA eloping the collateral cir- 
culation in suigery of the peripheial arteries uas advocated by us^^ 111 Decem- 
1933 In 1939, again advocated this method as a preoperative 

therapeutic procedure to develop the collateral circulation and preient the 
occuirence of ischemic gangiene in all surgical procedures upon the major 
peripheral aiteries 
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TAHLr I 


Tin nil cTs UPON tmi n riimii kal vascu- 
lAR TRI 1 I 01 low INC. OCCI UbIOS OI Till 
MAIN ARTI R\ 

(1) Sp isni of ni.iiii pcnphcml arlcr\' 

(2) Spasm of the collaterals 

(3) Low arterial pressure (list il toouhiston 

(4) Dec re isecl penplicril \ enous pressure 

(s) Inc rc isccl ])rtssurcpro\innl tooc elusion 

(6) Deere isecl blood c olume flow jier miiiutL 

(7) Deere iscd irtcnolar [nils itions 

(8) Slowing ind stasis of hnipli flow 

(9) Deere iscd flow through c asa \ asorum 

(10) Decrease in number of collaterals 

throuKh which blood flows 

(11) Slow development of collaterals 

(12) Depencratne chaiiRcs m \cssel w ill 

(13) Oc currcnce of thrombosis 

(14) Muscle necrosis 
{15) Gangrene 


Tin irricT or s\MrATnncTOM\ upon thl 
PIRIPIIIRAL VVSeULAR TRUE POLLOW'ING 
OnSTRUCTION or THE MAJOR PERlPUrRAL 
ARTER\ 

(0 Visoclilation of mam peripheral vessels 

(2) V isodilation of collaterals and increase 

in number 

(3) Return to normal of artenal jiressurc 

clist.il to occlusion 

(4) Return to norm il of penphcral venous 

Jiressurc 

(s) Inc reased jiressurc proxim.il tooeelusion 

(6) Siist lined increased blood volume flow 

jicr minute through main arterj and 
coll iterals 

(7) Increased return of artenolar pulsations 

(8) Increased Ivmph flow 

(9) Increased number and size of V isavaso 

rum 

(10) Increased number of collaterals 

(n) Rajiid development of collaterals 

(12) Incrc.iscd blood suppiv to v'cssci wall 

(13) J hrombosis cvtrcmelv rare 

(14) Increased blood supjilj to muscles 

(15) Ischemic gangrene prev ented 


BiicP'’ and Plotkin" liavc also i cconnncndcd the procedure in all cases of 
]K)pliical ancinysin as a jircopcialnc therapeutic measme to prevent postopeia- 
tiv'c ischemic gangicne 

Lciiche-' has icccnth (1940) .uhocated s}mpathctic block m all cases of 
tiaumatic lesions of the major penphcial aitcrics m which ligation of the 
artci}’’ is neccssaiy In tiaumatic lesions of the penphcral arteries, we feel 
that 111 addition to the therapeutic methods advocated above, the intiav'enous 
injection of hepaim (Munay and Best'’’) may be indicated to prevent second- 
aiy thiombosis lesulting fiom tiauma of the aiterial wall ^^'e do not advo- 
cate ceivucodoisal 01 Itimbai sympathectomy m such cases because we feel 
that the same lesults can be obtained by novocain and alcohol block of the 
sympathetic ganglia and chain 

Dos Santos’** stated that following artenal occlusion for the cure of 
aitcnal and ai tenov'enous aneuiysms he jiei fonns lepeated sympathetic block 
postopeiatively until a satisfactoiy and sustained collateial cnculation has 
developed DeBakey’” stated that lepeated novocain block of the synipathetics 
is ])iefeiable because a maximum 1 espouse follows each block whereas if the 
sympathetic ganglia and chain aie destioyed either by suigical iemov*al or 
alcoholic destiuction, the maximum lesponse occuis foi a shoit peiiod and 
cannot be repeated Moieovei, anothei disadv^antage of alcohol is the possi- 
bility of producing an alcoholic neuiitis of the somatic neives Alcoholic 
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neuritis occuis in about 30 pei cent of the cases following block of the ceiMco- 
dorsal sympathetics and in about 2 to 5 pei cent of the lumbar injections 
Technic — ^The technic of sympathetic block is not difficult and is prac- 
tically wnthout danger if only novocain 01 allied anesthetic diugs are used 
For the cervicodorsal sympathetic block ive prefer the anterior appioach of 
Leiiche modified by DeBakey By this method, using 10 cc of i pei cent 
novocain, the cei vicodoi sal ganglia aie suffused with the anesthetic solution 
producing an extensive sympathetic block 



The patient is placed m a supine position wuth the head tinned slightly to 
the opposite side A point is selected i cm medial to the midpoint of the 
clavicle and immediately above its upper border (Fig 8) The needle (spinal 
puiictuie needle) is then introduced inw^ard and backward at an angle of 45° 
wnth the midline until it impinges against the antei olatei al surface of the 
seventh ceivical veitebra The needle may impinge against the serenth 
cervical 01 against the ligament bet’vveen the seventh ceivical and fiist doisal 
If no blood is aspiiated, 10 cc of i 01 2 pei cent novocain is injected slowly 
A successful block is indicated by the rapid appeal ance of a Horner’s 
s) ndrome 

For lumbai sympathetic block, the patient can be placed either in the lateial 
position as showm in Figure 9 A 01 m the prone position with the lumbar ver- 
tebra and hips slightly elevated The lumbar spinous piocesses are outlined 
b} palpation A point two fingeis’ breadth lateial to the upper boidei of the 
spinous piocess is located and a wheal of novocain injected mti adei mall}’’ to 
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m.uk tlic site of iniiictuit 1 he fiisl, second, third, and fouith lumbar trans- 
ACise pioccsscs aie so maiked A spinal puncture needle is now inserted 
^eltleall} at each of the aho\e cutaneous sites until the point impinges against 
the tlans^elsc pioecss 1 he needle is then intioduccd for a distance of about 
S cm (two and one-half fingers’ breadth) (Fig 9 C) Fne cubic centimeters 
of no\oeain aie now injected thiough each of foui needles 

If It IS decided to use alcohol, the needles aie left in rhii after injecting the 
iioMitam Ihe limb is obsened for 20 to 30 minutes to determine wbetbei 



© VcbA ^ 


Fic g — Dnuinp illiistr itinj, the tcclmic of injcctmf, tlic limibnr sMiipithctic g'lnghonitcd clnin 
A Po'^ition of intuni 15 I’oiiUs of cont-ict of the ntcdlc \\\\U the lundnr cr^^t process; C The 

iintomic rtHtions of surrounding, structures to the nc'cdic 

the block has been successful If successful the sui face temperature will be 
elevated and sw^eating wall be inbibited Five cubic centimeteis of 95 per cent 
alcohol IS then injected thiough each of the four needles Befoie remoMiig 
the needles a few diops of noioeain aic injected thiough them to w'ash out 
the alcohol 

Results — ^Ve have employed the jihysiologie method, ic sympathetic 
block, of inci easing the collateial cii eolation as a prehmmai}'^ jiroceduie to the 
ligation of major peiiphcial aitciics in ten cases In all but two of these cases 
the collateial ciieulation w^as found to be inadequate by tbe Matas compiessoi 
test In the othei tw'o cases, one of which was an aneurj'sm of the common 
iliac and the othei a stab wmund of Ibe common femoral, the test could not be 
applied Of these ten cases, one Aias a mycotic aneurysm of the light common 
iliac aitei}’^ Follmvmg sympathetic block and ligation of tbe common iliac 
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at Its oiigin, there was no change m coloi and no deciease in tempeiatuie ol 
the corresponding extremity There were two cases of aiteiial aneiiiysm of 
the femoral artery and three cases of popliteal aneurysm ^^hlch weie cuied b} 
obliterative endo-aneuiysmorrhaphy Three of the cases consisted of aiteiio- 
venous aneurysm, two of which were femoral and one ^\as popliteal These 
weie treated by quadruple ligation Theie was one case of stab wound of the 
common femoial which required ligation In none of these cases of ligation 
of the major peripheral arteries treated by pieliminaiy s}mpathetic block ^\as 
there any evidence of ischemia oi deficiency of the peiipheial cii dilation 

We have also used sympathetic block m foui cases of embolus of the 
femoral aitery In one case the embolus was lemoved aftei s}mpathetic 
block The other three cases were not opeiated upon In all these cases the 
classic clinical manifestations of arterial embolism weie piesent Following 
novocain block of the lumbar sympathetic ganglia and chain on the affected 
side, there was a loss of numbness and a letuin to noimal of coloi and tem- 
peratuie of the extremit)’’ In peripheral arterial embolism theie is not only a 
high incidence of ischemic gangrene but a high moitahty, the gangiene increas- 
ing the moitahty Theiefore, we believe that sympathetic block will not only 
mateiially decrease the incidence of ischemic gangiene but will also lower the 
immediate mortality 
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Discussion — Rudolph Matas (New Oileans, La) The excellence of 
Doctoi Gage’s piesentation suggests a contrast between the past and picsent 
methods of mtioducing papeis at these meetings wdiich aie no doubt best 
appreciated by the older inembeis, who, like the speakei, have lived to enjoy 
the modem outlook, so stiikingly exhibited by Doctor Gage \\ ith the marvel- 
ous aid of contempoiaiy cinematogi aphy and shoit, cusp, tabloid, lantein- 
shde condensations, a long dissei tatioii is abiidged with enoimous economy of 
w'ords wnthout sacrifice of lucidity oi piecision Foimeily, w^e spoke of a 
biid’s-eye view^ of a scene or subject Now’’, we suivey an encyclopedic pano- 
lama w’lth all the speed, sw’eep and effectiveness of an an plane view In this 
w’ay, oui suigical progiams are being made mcieasmgly atti active and instruc- 
tive by then pictorial and epitomized visualizations 


The salient feature of Doctors Gage and Ochsnei’s thesis is then advocacy 
of alcoholic injections (“chemical section”) of the legional neiuoganglionic 
s) mpathetic, as a pieventive of ischemic gangiene in all opeiations that may 
necessitate the occlusion, excision or obhteiation of the majoi peripheial 
aiteiies Then expeiience, well-backed by otheis has gnen them confidence 
in the value of the vasodilator effect of neuioganghonic alcoholization as an 
eftective means of acceleiating and dilating the collaterals when the cn dilation 
in the mam aiteiy is suddenly blocked by a ligature for aiteiial w’ounds, foi 
aneuiysm, oi, when angiospasm, an embolus oi a thiombus blocks the cii di- 
lation 

Based upon then experience, theauthois advocate the pie- and postojieia- 
fne piactice of chemical ganglionectomy by alcoholic injections as a s^s- 
teniatic, oi loutine piocedure, in all occlusive opeiations upon the mam aiteiies 
of the uppei and low’ci extiemities 

Mhen ischemic gangiene follow’S the ligation, or other obstacle to the cii- 
culation. m the mam aiteiy of a legion oi extiemit}. the fatal ischemia is 
Mtiibiited to a failuie of the collateials to caii}'^ on the cu dilation he\ond the 
ligation or obstacle The causes of this failuie of the collateials aie numerous 
including the classic pathogeny, namel}’’, congenital anatomic defects , chronic 
and acute arterial disease, relative viabilit}’’ of the tissues or organs iinolved 
111 the ischemic area, stasis from venous obstiuction , profound anemia and the 
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cai diocii dilatory failure of hemoirliage and shock, with vasoconstriction or 
angiospasm as a contributing factor, etc 

Since the benefit of sympathetic neuroganghonic alcoholization is dependent 
upon vasomotor paresis, with secondary dilatation of the arteries m the vascu- 
lar bed, an activation of the collateial ciiculation is expected to follow the 
vasopaietic oveiflow While the vasodilating eflfect of the alcoholic injections 
would indicate this piocedure as especially effective in the laie cases in which 
angiospasm is a dominant factor, it is logical to believe that the vasodilating 
efifect of the injection would also benefit the local anemias that are still lespon- 
sive to sympathetic influences Unfoitunately, the patients who would be 
most benefited by vasodilation aie, in the majority, victims of chronic oi acute 
vasculai disease — the senile and piesenile artei losclei otics, the thrombo- 
angiitic, and otheis who aie laigely n responsive to vasomotoi control 

The impoitance of the lelative Auability of the tissues or organs supplied 
by the ligated oi obstiucted aiteiy in determining the necrogenic effect of an 
acute ischemia is well exemplified m the coma and biam disorders that follow 
caiotid ligations, and m the necrotizing effect of embolic obstructions in the 
pulmonaiy, the mesenteiic and other splanchnic infarctions Again, quite 
apait fiom aiteiial disease as a cause of ischemic gangiene aie the ligations of 
the great vessels in 3mung soldiers who aie picked up from the battle field ex- 
sanguinated, shocked, aftei days of long exposuie to cold and nights of sleep- 
less vigilance and tenifymg experiences Undei such conditions the ligation 
of the mam aiteiy of a limb is almost suie to end in gangiene, and in coma 
and death, if the caitoid is ligated In such cases, any attempt to pi event an 
ischemic gangrene by sympathetic ganglionectomy would piove not only an 
illusion, but a theiapeutic paiody The expeiience of military suigeons in 
modern wai fare — especially since blood tiansfusion has come into vogue, as in 
the late civil wai in Spam, m which “blood banks” and “canned blood” were 
moie available than in pievious wais — has demonstiated that the surest pie- 
ventive of ischemic gangiene following the ligation of the gieat aiteries, 
including the caiotids, is blood transfusion, copiously and lepeatedly admin- 
isteied, until a living and actively functioning caidiociiculatoiy balance is 
1 estoi ed 

In consideiing the adoption of sympathetic ganglionic alcoholization as a 
loutine pioceduie, we should lemembei the variations in the distribution of 
the collateral blanches of the main artei les which in the uppei extiemity 
(subclavio-axillaiy tract) aie so free and abundant that ischemic gangrene 
aftei the ligation of the subclavian and the aiteries of the aim may be legaided 
as a negligible iisk outside of the shocked and exsanguinated wounded previ- 
ously lefeired to I kno\\, peisonally, of 49 ligations and band occlusions of 
the subclaMan artei y for aneuiysm with only one partial gangiene of the hand 
It IS only as a sequela to infected emboli 01 piopagated thrombi that gan- 
giene IS to be feaied in the subclavian tiact 

We lealize the seemingl)’^ impioAudent paucity of collateials in the lower 
extiemities as compaied ^Mth the abundance m the uppei extremity when 
extiipatmg tumors 01 obhteiating aneuiysms of the terminal popliteal which 
mvohe its tibiopei oneal trifui cation It is in dealing with the arterial 
^\ounds. lesions (aneuiysms) and othei obstructne circulatoiy disorders of 
the lovei extiemities that lumbar sjunpathectomy by alcoholization finds its 
most fa\oiable field of application, though, even here as the patients advance 
in years, its value m the piophjlaxis of suigical ischemia must be legarded only 
in the light of an adjunct 01 auxiliai}’^ function 

Despite the limitations of chemical ganglionectomy by alcoholization as a 
pieientive of ischemic gangiene, it is a valuable addition to the resource of 
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vasculai suigery in dealing with the special indications of the method The 
evpeiience ot the authois, especially Doctoi Gage, in aneinysm. fully attests 
Its value in promoting the collateral circulation when theie is leason to doubt 
Its efficiency before opeiation Despite my great mteiest in the piophylaxis of 
ischemic gangiene m the surgery of aneurysm, I have been able to do without 
sympathetic ganghonectomy by alcohol oi otherwnse, m my pi actice, but 1 ha\ e 
no doubt that the alcoholization of the lumbai ganglia w^ould have hastened 
the development of the collateials in some cases 1 hough fairly safe in the 
expert hands of the authois, the alcoholization of the lumbai ganglia by the 
paravertebral loute cannot be legarded as an innocuous pioceduie My long 
experience m paiavertebial splanchnic anesthesia wuth novocain solution, when 
the Kappis method was m vogue, has made it plain to me how^ obstinate 
neuritic pains and paiesthesiae in the distiibution of the spinal neives may 
result from the diffusion of the alcohol in the paiavertebial spaces 

Again, m consideiing alcoholic sympathectomy as a loutine proceduie foi 
the piophylaxis of ischemic gangiene, we. may say that since the methods of 
testing the efficiency of the collateral circulation m the neck and extremities 
have become fairly dependable and generally available, w^e aie able to detei- 
mme befoiehand, wnth close appioximation, what the behavior of the limb will 
be aftei ligation of its mam arteiy If theie is clear evidence that the col- 
lateral circulation is efficient, it w'^ould seem unnecessai y to resort to a pi ophy- 
lactic lumbar sympathectomy by alcoholization, nor need w’'e w^oriy in dealing 
with an aneurysm in oui choice between a radical and a conservative operation 

If theie is proof that the tempoiary occlusion of the mam aiteiy with our 
mechanical compressoi applied piecisely at the piospective site of the ligation 
is followed by prolonged palloi, indicative of an inefficient collateral circula- 
tion, we have time, at least in the majoiity of cases of aneuiysm, to tiain and 
develop the collaterals by the method of direct inteimittent mechanical com- 
piession wdiich I introduced 38 yeais ago and have continued to use effectively 
evei since This procedure, which Doctor Gage has utilized and described 
wuth great fidelity, is usually combined with other classic methods of develop- 
ing the peripheral circulation, such as contrast baths, diathermy, inteimittent 
negative and positive pressure exercises (Pavaex, Collens-Wilensky, de Takats, 
et al ) When theie is no huny, the slow and simple methods of collateral 
training will do, but in acute, accidental injuries wdien ligations aie lequired 
for the contiol of hemorihage, and theie is little opportunity for vascular exer- 
cises, the method of chemical lumbar ganghonectomy with alcohol wull prob- 
ably find, here, one of its most useful applications, as an adjunct to transfusion 
and other cardiovascular restoiatives 

Dr Idys Mims Gage (New'^ Orleans, La ) I not only wash to thank 
Doctor Matas for his kind discussion of our paper, but also to express my 
gratitude and deep appreciation to him foi his many kindnesses, because his 
tutelage and constant encouragement have been of inestimable value to me 

We did not offer this piocedure of sympathetic block as a “cure-all” but 
lecommend it as another method for the developing and maintaining of ade- 
quate collateral ciiculatioii in the presence of sudden occlusion of a mam 
peripheral arteiy The procedure has given such excellent results in oui 
hands that w^e wash to suggest its use to those interested in Aasculai su rgery 

Matas, Rudolph Annals of Surger\, 53, 1-43, Januar3% 1911 Idem Amer Jour 
Surg , N S 24, 692-698, June, 1934 
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CIRCULATORY DISTURBANCES PRODUCED BY EXTENSIVE 
ANGIOMATA OF THE LOWER EXTREMITIES ASSOCIATED WITH 

VARICOSE VEINS ^ 

Waltek EsTELii Lee, M D , 

AND 

Norman E Freeman, M D 
Philadelpiiiv Pv 

PSOM TltE DFPinTMIST OF SOnoERI, On\nD\TF SCUOOl. OF MtDICINF AND THF lUTlHI'iOV DFP^nTMFNT OP 
HFSFVRCH UNULKSm OF PENNSYL% VVIA, PIIIL^DUPHIV, lA 

The simple aegiojma is of significance chiefly because of its disfiguring 
appeal ance unless it happens to be situated in some vital oigan When it is 
fieely connected with the general cnculation, however, so that the pressure 
within the smaller vessels is raised, it may increase gieatly in size Under 
such cii cumstances, a lesion which was oiiginally simply a "birth maik/' un- 
sightly but harmless, may altei its characteristics so as to give use to serious 
symptoms Not only may the circulation locally be impaned and lead to ulcer- 
ation and gangrene, but the effects on the systemic circulation may be haimful 
Fiee connections between the angioma and the arterial side of the cii dila- 
tion lead to the foimation of a ciisoid aneuiysm The physiologic disturb- 
ances which lesult fiom this condition have been fully described by Reid^ and 
Holman- When the angioma is m the lowei extremity and is fieely con- 
nected with the venous side through veins with defective valves, it is subjected 
to inci eased piessure Dilatation of the smaller vessels takes place and gives 
use to symptoms, both local and general, which, though less spectaculai than 
those accompanying the cirsoid aneurysm, may be seiious and incapacitating 
The symptom complex of extensive angiomata of the low'ei extiemity 
with varicose veins was first described by Devouges,® in 1856 This condi- 
tion \vas found to be associated with osteohypeitiophy and attention was di- 
1 ected chiefly to this aspect of the patient’s picture In 1869, T relat and Monod"* 
leview'ed the literature on osteohjpertiophy and described the associated vas- 
culai lesions Khppel and Trenaunay^ originated the term '‘mevns vauqueux 
ostco-hypci t) ophique,” in 1900 They gathered leports of 14 patients from the 
literatuie and desciibed an additional case Thiee variations of the symptom 
complex weie encountered Those with the angioma alone, those in wfliich 
the osteohypei trophy w'as the outstanding feature, and, finally, those with 
associated vaiicose veins In then expeiience, osteohypertiophy was fre- 
quently encountered It was unusual not to find varicose veins The vaiices 
were raiel} seen in infancy but the patients developed varicosities at an early 
age Varicose ulceis often developed The peripheial pulses were normal 
Init the skin tempeiature was higher on the affected side Numerous repoits 
of cases have since appeared in the French literature — Van Neck,® m 192S . 
Paiitner and Ullmo," m 1928 , Sorrel,® in 1932 , Gougerot and Lor tat- Jacob,® 

* Read before the American Surgical Association, St Louis, Mo , Ma> i, 2, 3, 1940 
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111 1934, Alajouamne and ThureV® m 1935, Radulesco/^ in 1935, Pautiier 
and Lang/- m 1937, and Touraine, Duperrat and Baudouin/^ in 1938 In 
this country, cases have been reported by Homans, in 1922, Reid,^ in 1925 , 
Kleinberg,^^ in 1930, DeTakats/^^ in 1932, and Wise and Lisansky,^' in 1938 

During the past year, we have observed three patients rvith extensive 
angiomata of the lower extremities which -were in direct communication rvith 
the general circulation through veins rvith defective valves The circulatoiy 
distui bailees which these patients presented foim the subject of the piesent 
communication 

CASE BEPOBTS'*' 

Case I —Hospital of University of Pennsylvania, No 40306 B L , white, female, 
age 17, was admitted to the Surgical Service of Dr I S Ravdin, with the complaint 
of a “sore and swollen” right foot and attacks of syncope on standing The patient had 
a large angioma of the right leg extending from the crest of the ilium to the sole of the 
foot, which had given rise to no subjective symptoms, a large vein on the medial aspect 
of the thigh had, howeier, been injected at the age of ii At the age of 12, shortening 
of this leg was noticed Four months before admission she developed phlebitis of the 
right leg After recovery from the acute attack, it was first noticed that the angioma 
became turgid and suffused when the patient was in the erect posture, and that she fre- 
quently fainted when standing 

Physical Examination — The patient was found to have \aricose veins of the right leg 
which filled from the saphenous and from a communicating vein of the low'er thigh The 
angioma filled rapidly through these veins but the reflux could be prevented by the appli- 
cation of a venous tourniquet On standing, as shown m the first section of Chart i, the 
blood pressure fell from 135/85 to 90/70, and the pulse rate increased from 60 to 152 
Upon release of the tourniquet, ivhich had completely occluded the circulation above the 
knee, the volume of the right leg, measured by displacement of w'ater, increased by 200 cc 
within the first minute, as shown in the top curve of Chart 2 On the left (normal) side, 
the increase ivas onlj" 25 cc , as showm in the bottom curve of Chart 2 Specimens of blood 
were obtained simultaneously from the veins of both lower legs and from both femoral 
veins, and the color of the blood obtained from all the veins was the same At operation, 
the right long saphenous vein was ligated at its junction with the femoral together with 
four large branches, each the size of a normal femoral vein 

After operation, the rate of increase m leg volume after release of the tourniquet 
was found to be reduced, as shown in the second curve of Chart 2 The blood pressure 
and pulse changes on standing were not as marked although, as the second section of 
Chart I illustrates, she still fainted in the erect posture The angioma of the thigh and 
liip did not become suffused on standing but the veins of the low'er leg still filled from 
above She was followed for a year, during which time the tissues of the lower leg 
were supported with an elastic stocking She was examined a j'ear later and at this time 
she no longer fainted on standing The third section of Chart i illustrates the changes 
in blood pressure and pulse when she stood up Since the angioma of the lower leg still 
filled from above, the saphenous vein was ligated at the point where the communicating 
vein from the femoral emptied into it Three months later, the increase in the volume 
of the lower leg after release of a tourniquet was onU 90 cc , as show’n m the third curve 
of Chart 2, and the blood pressure and pulse changes on standing were almost normal 
As the fourth section of Chart i shows, there was no fall m systolic pressure, and only 

*Withm the past three months, all three of the patients described m this article have 
been operated upon for further ligation of communicating veins In each case when the 
dissection has been earned out through the superficial angioma, difficulty in wound healing 
was encountered, apparentlj due to persistent oozing of blood from minute vessels Healing 
was delaved and the period of hospitalization increased 

961 





962 



A olumo 112 
>umber 5 


ANGIOMATA OF LEGS 


a moderate rise m pulse rate She was free from sj^mptoms, and the angioma had de- 
creased in size so that it was no more noticeable than it had been before her attack of 
phlebitis 

Case 2 —Pennsylvania Hospital, No 36544 A E , white, male, age 23, complained 
chiefly of pain and repeated attacks of phlebitis in varicosities of the right leg At birth, 
he was found to have multiple angiomata of the right lower evtremitj, penis and right 
half of the scrotum There was a general osteohypertrophy of both feet but particu- 
larly of the middle three toes of the right foot and the second and third toes of the left 
foot The appearance of the feet is shown in Figure i Varicose veins of the right leg, 
first noticed at the age of 12, had been subject to recurrent attacks of thrombophlebitis 
with such severe pain that he developed a 60° flevion contracture of the right knee 
During the period 1934-1937, he was operated upon four times for excision of thrombosed 
and varicosed veins and correction of the deformity of the knee On examination, it was 
found that the varicose veins of the right leg were in free communication with large 
blood sinuses on the posterolateral aspect of the thigh and leg Figure 2 shows the loca- 
tion of these “lakes ” Their filling could be prevented by the application of a venous 
tourniquet to the upper thigh The long saphenous vein was not involved, and the point 
of incompetence appeared to be in the region of the gluteal veins With the patient 
lying “head down,” 30 per cent diodrast was injected into the top of this venous column 
and a roentgenogram taken Figure 3 illustrates how the dilated vein was seen to pass 
through the fascia at the lower border of the gluteus maximus muscle and run up through 
the sciatic notch An additional portal of entry appeared to be in the region of the 
superior gluteal vein The varices of the upper portion of the buttocks also filled 

At operation, two large veins were divided at the inferior margin of the gluteus 
maximus The tissue was extremely vascular and the bleeding was controlled with diffi- 
culty After operation, the varices still filled from above but the filling was slower 
Before operation, the pulse rate increased from 6o to 124 when he stood up After opera- 
tion, the pulse rate increased only to 104 Although the systolic blood pressure did not 
fall, there was an increase m the diastolic blood pressure in the erect posture Further 
localization of the point of incompetent valves of the communicating veins is to be sougnt 

Case 3 — Graduate Hospital of the University of Pennsylvania, No 142803 D O , 
white, male, age 19, complained chiefly of edema of the legs and ankles At birth, it was 
noticed that he had multiple vascular and other congenital anomalies There was hyper- 
trophy of the bones of both feet and the left upper extremity Large angiomata were 
present over both lower extremities, penis and scrotum The angioma on the left side 
extended from the level of the umbilicus and the crest of the ilium to the sole of the feet 
The index and ring fingers of the left hand were fused At the age of 12, he developed 
varicose veins of both legs The left breast hypertrophied, and there was excessive growth 
of hair on this breast 

Physical Evamtmiioii — The varices of the left leg were found to fill, largelj", from 
the long saphenous system On the right side, there was free communication between 
the angioma and the short saphenous system but filling on both sides could be prevented 
bj the application of venous tourniquets The appearance of the feet and legs is shown 
in Figure 4 The angiomata became suffused wnth blood when the patient stood up, 
while the blood pressure fell from 120/70 to 80/60, and the pulse rate increased from 65 
to 144, as show'll in the first section of Chart 3 The -volume of the left lower leg in- 
creased by 475 cc within one minute upon release of a tourniquet which had been applied 
above the knee The oxygen saturations of venous blood, taken simultaneoush from one 
of the \eins of the leg and from the antecubital -vein, w'ere 67 and 69 per cent, respec- 
tneU 

At operation, the left long, and the right short, saphenous \eins were ligated at the 
points where they pierced the deep fascia After operation, the filling of the angiomata 
^\as delayed and the blood pressure no longer fell on standing, as shown in the second 
section of Chart 3 Further examination re\caled additional points of incompetency 
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Fig ! — Appeinnce of the feet in patient A E , to 
years after Doctor Gi!! had excised the epiphyseal car 
tilages of the metatarsal bones of both feet 


Fig 2 — Extensu e angiomata and varicose veins 
on the lateral aspect of the thigh and leg in patient 
A E 


Fig 3 — Visualization of the \ems of patient A E 
after injection of 30 cc of 30 per cent diodrast into 
the aenous "lake” on the lateral aspect of the thigh 
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Fig 4 — Appeirance of the legs and feet of Fic s — Appearance of the legs of patient 

patient D O before ligation of aeins D O after 30 seconds of standing after rigiit 

short, and left long saphenous ligation 


DO - Cavernous Hemansioma mih Varicose Veins 



tnsRT 3— FfTect of standing on blood pressure and pulse rate of patient D O before, and four 

months after, \ein ligations 
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of the valves between the deep and superficial systems, m the region of the inferior gluteal 
on the right and in the midthigh on the left side The filling was slow, as the photograph 
taken after 30 seconds of standing after operation indicates, as shown in Figure 5 Liga- 
tion of these veins is now planned 

Discussion — The essential difference between the condition which these 
patients presented and the cirsoid aneurysm is the source of the filling In 
the latter condition, there are abnormal connections of the angioma with the 
arterial side of the circulation In the angioma of the lower extremity as- 
sociated with varicose veins, the filling is from the venous side It is only 
m the lower extiemity that the venous pressure, in the absence of competent 
valves, is sufficiently high to produce expansion of the vascular bed No 
case of angioma with varicose veins of the upper extremity has been ob- 
served The fact that filling occurred from the venous rather than from 
the arterial side was indicated by the fact that there was no pulsation of 
the veins, and that the color and oxygen saturation of the venous blood 
taken from the affected extremities m two of our cases was identical with 
that taken from unaffected regions An additional point of differentiation 
was the fact that filling could be prevented by the application of a venous 
tourniquet If the angiomata had filled from the arterial side, the veins 
would have increased in size when a tourniquet obstructed the venous return 
Finally, the reduction in size after ligation of the veins which communicated 
with the angiomata served as additional evidence of their venous character 

The presence of osteohypertrophy suggested a similarity between the 
angioma with varicose veins and the cirsoid aneurysm since overgrowth of 
bone IS constantly noted 111 the latter condition The hypertrophy which was 
observed in the second and third cases, however, was spotty since all of the 
bones of the extremity were not involved Again, m the patient who had 
only the angioma until she developed acute phlebitis, there was shortening 
of the affected extremity, similar to that described in Reid’s^® patient 

The local symptoms m the first and third cases seemed to be due to the 
varicose condition, 1 e , swelling and discomfort Klippel and Trenaunay® 
comment upon the frequency with which varicose ulcers appeared m the 
cases which they reviewed The outstanding symptom m our second case 
was pain It is probably significant that this patient had repeated attacks of 
phlebitis m the superficial veins of the leg Similar cases of pain m this 
condition were reported by Sorrel,® m 1932, and Pautrier and Lang,^“ m 1937 

Reid^® was the first to call attention to the effects of the venous reflux 
on the systemic circulation In his patient, the angioma was apparently not 
complicated by tbe presence of varicose veins Tbe blood pressure fell from 
130/85 to 126/84, and the pulse rate increased from 86 to 116 on standing, 
but after ten minutes tbe pulse rate fell to 104 These figures are comparable 
to those obtained in all our patients after the mam channels of reflux had 
been closed The volume of blood lost from the general circulation into the 
angiomata was large In the first patient, the increase m volume of the lower 
leg upon release of a tourniquet was 250 cc , and yet the more extensive part 
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of the angioma over the thigh and hip was above this region In the thud 
patient, the increase in volume of the left lower leg was 475 cc The angioma 
extended up to the middle of the trunk on this side and the other leg vas 
also involved The increase in pulse rate, rise m diastolic and fall 111 systolic 
pressure may be compared to the physiologic effects of hemorihage As the 
return of blood to the right side of the heart diminished, there was a com- 
pensatory increase in pulse rate with vasoconstriction The pulse pressuie 
decreased both by a decrease in systolic blood pressure and a rise 111 diastolic 
pressure Compensation for the impaired cardiac return was accomplished by 
these protective mechanisms When the loss of cii dilating blood volume 
was too great, the cerebral tissues become anoxic and fainting occuired 
The venous valve is probably of major significance in the development 
of symptoms In the two male patients certain valves which piotected the 
superficial system from excessive pressure were absent or defective presum- 
ably on a congenital basis The fact that the first patient suffered no ill effects 
until the valves had been damaged by phlebitis is m accord with this concept, 
since it has been shown by Edwards and Edwards-® that the venous valve is 
destroyed during the process of recanahzation aftei the thrombosis 

The usual treatment of this condition has been excision (Pautrier and 
Lang,^“ Klemberg'^ and DeTakats^®), while injections were used by Light 
Roentgenotherapy was considered useless for the superficial diffuse angiomata 
by Taylor -- Homans^® obtained permanent relief in his case by excision 
of the contributing vein at its head, and injections of sclerosing solutions 
into the peripheral portion Reid^® stated “In my experience an extensive 
angioma involving the entire leg was cured, by thrombosis, after the excision 
of a very small portion of it ” Since defective valves appear to be, etiologic- 
ally, significant, rational treatment would appear to be ligation of the in- 
competent vein with subsequent sclerosis of the remaining segment if 
necessary The progressive decrease m the capacity of the angiomata after 
the head of pressure was reduced in our cases, by ligation of the vein with 
the defective valve, may indicate that subsequent injections of scleiosmg 
solutions will not be necessary 
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HEPARIN IN THE PREVENTION OF PERITONEAL ADHESIONS^ 

REPORT OF PROGRESS 

Edwin P Lehman, M D 

AND 

Floyd Boys, M D 

CHARLOTTESMH.n, Va 

FROM THE DEP\R1\IF\T OF SURGLRl VND G\NECOLOr\, nM\ ERSITl OF MRGIMV SCIIOOI OF MFDICIM, 

UNntRSITl, \A 

A PRELIMINARY REPORT,^ icceiitly presented, suggested that hepaiin, intia- 
abdominally administeied, is effective in pi eventing the foimation and le- 
foimation of peiitoneal adhesions in the rabbit and dog Ten dogs, leceiving 
3,000 units of heparin in solution in single daily administrations at opeiation 
and on each of two postopei ative da5''S, piesented an adhesion lefoimation rate 
of 26 pel cent, whereas the corresponding rate was 157 per cent in the contiol 
gioup of 20 animals, in which eithei no solution, 1101 mal saline solution, 01 
amniotic fluid concentiate was administered inti aperitonealBf In othei vords, 
after hepaiin the count of adhesions was about one-fourth of the count at the 
time of injection of the substance, in the control group the adhesion count 
showed more than half as many again at the final stage as compared to the 
number of adhesions divided f Some doubts weie expiessed in legaid to the 
safety of intrapentoneal heparinization fiom the point of view of hemoiihage 
on the basis of three fatal hemoirhages 111 24 dogs This high incidence of 
bleeding was believed to be the result of inadequate hemostasis at the time of 
dividing the adhesions 

The present lepoit of progiess offers evidence on thiee phases of the gen- 
eral study (i) Inti apei itoneal dosage, (2) the danger of hemorihage, (3) 
the effect of intiaperitoneal hepaiin in the freshly contaminated abdomen 

Methods Employed — Dogs weie employed thioughout The method 
foi creating peritoneal adhesions was that used in the pi evious investigation ^ 
Adhesions Avere consistently pioduced by pei foiating the appendix and smeai- 
mg a small, measured quantity of its expiessed contents over the teiminal 
ileum and the adjacent cecum In lecent experiments, light, diy gauze scaii- 
fication of the teiminal ileum was an added technic preliminary to contamina- 
tion This pioceduie w^as found to localize the adhesions more successfully 
The appendiceal peifoiations w^eie not closed Six w^eeks later the lesulting 

Read before the American Surgical Association, St Louis, Mo , Maj i, 2, 3, 1940 

T Since publishing the original paper, fi\e additional control animals were studied 
Minilarlj with papain made up in Hartman’s solution m a concentration of 1-20 coo, as 
recommended b^ Ochsner- The animals treated w’lth papain presented a reformation of 
adhesions of 117 per cent The results with papain were numencalh the best of the con- 
trol studies, bunging the aeerage rate of adhesion leformation down to 147 per cent 
The papain emplo\ed was obtained through the courtes\ of Parke, Dams and Co 
Detroit Mich 
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adhesions were divided and heparin solution in varying doses was adminis- 
tered mtraperitoneally In some animals (Table i) additional heparin was 
given by paracentesis on one oi more subsequent days A third operation was 
performed two weeks later, at which time the number of reformed adhesions 
was obsei ved and recorded * Powdered heparin was purchased from the Con- 
naught Laboratories, at the University of Toronto, and was dissolved in 
sterile water at the time of use Normal saline was originally employed as the 
vehicle but was discarded when the reformation results with saline solution 
alone were found to be the highest in the control series A number of animals 
in these groups have been discarded on account of wound infections com- 
municating with the peritoneal cavity as the result of an epidemic of contami- 
nation of the cages 

In the experiments dealing with the contaminated peritoneum, the heparin 
solution (3,000 units) was first introduced at the time of perforating the ap- 
pendix rather than after adhesions had formed Two additional doses were 
given by paracentesis on successive postoperative days 

Results — Dosage Evpe) iments Table I presents the results of the dos- 
age experiments in which both the number of single daily administrations and 
the quantity of heparin per dose were varied The figures indicate that more 
than two mtraperitoneal doses are necessary, even when a relatively large 
number of units of heparin are administered, and that more than three doses 
do not improve the results The number of reformed adhesions following 
two daily doses of i,ooo units each is appreciably greater than when 3,000 
units are employed When three admmistiations are made, the results of the 
1,000 unit dose and the 3,000 unit dose are approximately equal 

Table I 

RErORMATION OF ADHESIONS 

Reuilts Two Weehs Following Separation of Previously Produced Adhesions in the Dog After 
the Introduction of Heparin Solution Intraperitoneally by Paracentesis 




Number of 

Units of 

Average 

Average 

Average 



Daily 

Hepann 

Number of 

Number of 

Per Cent of 


Number 

Hepann 

Given per 

Adhesions 

Adhesions 

Adhesions 


of Dogs 

Injections 

Injection 

Separated 

Reformed 

Reformed 

10 


I 

3,000 

6 3 

5 8 

92 

5 


I 

9,000 

15 6 

9 6 

62 

5 


2 

1 ,000 

15 4 

13 8 

89 

10 


2 

3»ooo 

16 0 

8 4 

52 

10 


3 

1 ,000 

8 4 

2 4 

29 

10 


3 

3.000 

9 7 

2 6 

26 

6 


4 

3,000 

15 8 

5 3 

33 


Heino) i hage — In experiments to date with mtraperitoneal heparin ad- 
ministration, no further mtra-abdorainal hemorrhages have occurred There 

* The attempt at a quantitative method of recording results is, of course, inaccurate 
It offers, ho\\e\er, the onh objectne method available short of direct obser\ation of the 
animals 
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have been to date 75 consecutive introductions of heparin without hemorrhage, 
and only three hemorrhages m a present total of loi dogs 

Hcpatin tn the Contammated Peutoveuvi — Table II presents the lesults 
of the introduction of heparin into the freshly contaminated peiitoneum in 17 
dogs as compared with the results 111 a group of 100 consecutive control 
animals in which the peritoneum was contaminated for the creation of ad- 
hesions for later study Whereas 43 per cent of the control animals died of 
peritonitis, 53 per cent of the heparin dogs succumbed to this complication 
In the animals that survived, however, the average number of adhesions 
formed in the heparin dogs was less than one-third of that foimed 111 the 
controls 

Table II 

HEPARIN AND CONTAMINATION 

Results Followtyig the Intrapentoneal Introduction of Heparin at the Time of 

Perforation of the Appendix 

Average Number 
Number Mortality of Adhesions in 
Group of Dogs Rate Living Dogs 

No solution 100 43% 9 4 

Hepann 17 53% 29 

3,000 units at operation and 
two additional doses 

Discussion — The absolute figures fui mshed by the present experiments 
confirm the earlier conclusion that heparinization of the peritoneal exudate m 
dogs inhibits the reformation of divided intra-abdommal adhesions The 
suggestion of a curve dependent upon dosage, as presented in Table I, adds 
further evidence of a definite heparin efifect To this may also be added the 
low numerical incidence of adhesions m the surviving dogs, presented 111 
Table II 

The study of dosage is as yet incomplete The method of attack is neces- 
sarily slow and final conclusions may be delayed Furthermore, for reasons 
to be discussed below, the ultimate determination of the optimum dosage of 
heparin given intiapentoneally may not be pertinent Certainly, for the 
moment, it is clear that moie than two intrapentoneal doses are necessary, 
and that four daily doses do not present improved results ovei those follow- 
ing three daily doses The minimum effective dose per day for thiee adminis- 
trations has not yet been determined 

The freedom from further occurrence of hemorrhage has paralleled 
greater operative attention to hemostasis It is probable, therefore, that the 
earlier explanation of the cause of the trouble at first encountered, namely, 
inaccurate hemostasis, is correct We now feel that hemorrhage is not a 
danger, if bleeding can be completely controlled before introduction of the 
heparin solution 

In the eailier experiments with rabbits,^ it was surprising that 100 per cent 
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of lecoveiies occmied when heparin A\as intioduced into the pentoneum at 
the time of peifoiation of the appendix It might have been expected that 
all such animals would die of general peritonitis on account of the assumed 
absence of fibiinous adhesions In the piesent gioup of dog experiments, 
almost equalty suipiismg results occuired It had been supposed that at least 
90 pel cent of the dogs m which hepaim had been introduced at the time of 
peiforation would die of peiitonitis In contiast to this expectation, only ^53 
pel cent died, a moitality not stiikmgly diffeient fiom that among the con- 
tiols This seems to indicate that hepaim may not materially increase the 
dangei of peritonitis when the pentoneum is soiled We aie not yet read) 
to suggest a modification of the traditionally accepted ideas of peritoneal de- 
fense against infection as at least partially effected through fibrinous ad- 
hesion about the source of contamination We feel, however, that these 
lesults indicate the possible usefulness of hepaim in the contaminated peii- 
toneum provided the source of contamination is not still present, as foi in- 
stance following intestinal sutuie Furthei expeiiments m this connection are 
contemplated 

The studies so fai prosecuted do not yet permit of clinical application 
We are convinced of the effectiveness of heparin and of its safety The 
method of administration and the optimum dosage are still undetermined It 
must be pointed out that lepeated daily intiapeiitoneal admmistiation is not 
well adapted to clinical use Postoperative paiacentesis m patients may be 
uncomfoi table and may piesent dangei Thiee other methods of admmistia- 
tion aie now under investigation (i) The first is based on the possibility that 
an intiapeiitoneal exudate may be uncoagulable if the blood plasma from 
which it is derived is first rendeied relatively uncoagulable by subcutaneous 
01 intiavenous heparinization In these studies hepaimization of the animal 
IS begun by these routes as soon as the operation for division of adhesions is 
completed (2) The second method combines mtiaperitoneal administration 
of hepaim at the time of division of adhesions (as in the piesent experi- 
ments) iMth subcutaneous or intravenous heparinization 111 an attempt to pro- 
long the local effect (3) The thud attack is a study of intraperitoneal diip 
hepaim administration through an inlying rubbei tube introduced at opeiation 

Until the best method has been woiked out m the dog application to the 
clinical case must be delayed As stated in the earliei report the possible 
success of the method in clinical surgery must, at least foi a long period, be 
judged on laboiatoiy rather than clinical evidence 

CONCLUSIONS 

(1) Intraperitoneal heparinization in three daily doses of at least 1,000 
units largely prevents the reformation of divided peritoneal adhesions m the 
dog 

(2) Hemorrhage following the intraperitoneal administration of hepaim 
IS not a danger if hemostasis is complete befoie the heparin is administeied 
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PERITONEAL ADHESIONS 


(3) Contamination of the peritoneum does not appear to be a con- 
traindication to the mtrapei itoneal use of heparin 
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Discussiox — Dr Harvey B Stone (Baltimore, Md ) Every gen- 
eral surgeon, I think, must be greatly interested in any proposed method of 
diminishing abdominal adhesions and I personally have been particularly 
interested in this because, man}’’ years ago, one of the earliest pieces of ex- 
perimental work that I undertook concerned itself with measures designed to 
pre\ent adhesions — and I might say in passing, it w’as completely unsuccess- 
ful So 3\hen Doctor Lehman’s work came to my attention, naturally, I 
3\as immensely interested m it, because it seemed to me that it w^as the most 
logical and hopeful attack on the problem that I had personally ever heard of 
The purpose of my speaking at all now is to report very briefly some un- 
completed A3ork which is being carried on by Doctors Owmgs and Hewntt, 
tw o of the younger men connected w^ith the Hopkins Clinic, w Inch they have 
guen me permission to speak about They are working on the same issue, 
namel}, heparin as a pre\entne of abdominal adhesions, but ha\e purposely 
modified, m se3eral directions, the technic employed by Doctor Lehman, m 
order to explore varieties of procedure wdiich may increase the success of 
the method They have used various means of inducing adhesions, and the 
one, at the moment, which they have found most effective and, in their judg- 
ment at least most suitable for comparatne studies, is the production of a 
chemical irritation b) painting of serous surfaces with small amounts of 
ferric chloride Their experimental animals have been cats instead of either 
dogs or rabbits They have used a different preparation of heparin, or at 
least heparin from a different source from that employed by Doctor Lehman, 
so that from many aspects of detail, their series wnll give a comparable study 
to his Their work is by no means completed, m fact, I am requested to say 
that they are not in a position to express any opinion as yet about the results 
but merely to say what the} have done 

First, I might say they have had no hemorrhages at all m their series of 
animals as a result of the introduction of heparin They have found, begin- 
ning with smaller doses than those emplo}ed by Doctor Lehman, for instance, 
a considerable series in w hich 250 units of heparin w’^ere employed, no recog- 
nizable benefit They then increased the dose of heparin to 500 units, again 
with no demonstrable reduction m the amount or extent of adhesions How- 
e\er, in a third series in which 1,000 units of heparin were employed as an 
initial dose and two successive similar doses given each succeeding day, so 
that in all, the dog received 3,000 units mtraperitoneally, they have obtained 
a beginning promise of result Now*, it will be noted that only m this last 
series is their dose at all comparable to the amount employed by Doctor Leh- 
man in his very promising work So that their first statement is, so far as 
the} ha3 e gone, these smaller doses are ineffective 

The} have reexplored one-half of their current series of cats m which 
three successne doses of 1,000 units ha\e been emplo}ed, and out of a senes 
of eight animals so explored, one showed notable 1 eduction or absence m the 
amount of adhesions discovered at the second exploration Now, that is as 
tar as they are prepared to make any statement, and obviously no generaliza- 
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tions can be made from such fragmentary facts , nevertheless the work is so 
important, if successful, and so promising in theory, that we expect to go on 
with it, exploring different modifications, and we hope that Doctor Lehman 
has at last found a really effective solution of the troublesome problem of 
adhesions 

Dr J Albert Key (St Louis, Mo ) I would expect that if heparin 
were present m sufficient amounts to prevent formation of fibrin, there would 
be some delay and difficulty in the healing of the wound and I would like 
to know whether that has been noted 

Dr Edwin P Lehman (University, Va, closing) The problem of 
wound hemorrhage following the use of heparin, which Doctor Key has in- 
quired about, was, of course, in our minds The experience of those who 
have used heparin extensively m vascular surgery, both in the laboratory and 
m the human being, has been that there has been no trouble with this com- 
plication With mtrapentoneal administration of heparin the animals showed 
a definite prolongation of the coagulation time, which lasted about 12 to 18 
hours The coagulation time is increased from a normal of three minutes to 
a maximum of about 12 minutes In none of them did Ave have wound 
hemorrhage, or any disturbance of healing which could be attributed to 
bleeding 
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A DURALUMINUM ENTEROTOME FOR DEVINE COLOSTOMY 

Mims Gage, M D 
New Orleans, La 

FROM THE DEPARTMENT OF SORGERY, SCHOOL OP MEDICINE, TULANE UMIERSITl, NEM ORLEWS, LA 

It is liaidly possible to devise or modify an instiument without incor- 
porating some of the principles of preexisting instruments as well as main- 
taining the contour and geneial shape of the instiument to be modified 

The need for modifications depends upon some demonstrable defect found 
at the time the instrument is used In applying one of the modified Devine 
clamps to a colostomy it was found that the central opening of the clamp was 
too small to surround the “abdominal wall bridge” between the two colostomy 
openings This produced some squeezing of 
the “abdominal wall bridge” which resulted 
in considerable discomfort to the patient It 
was predictable that as the abdominal wall 
increased in thickness, the pressure on the in- 
tercolostomy bridge of the abdominal wall 
would inciease 

To overcome this defect it was necessary 
to increase the total diameter of the central 
opening of the clamp that encompassed the 
“abdominal wall bridge ” To accomplish 
this, it was important to use a metal that 
would be light in weight, of considerable 
tensile strength, and durable Duraluminum 
was found to be such an ideal metal — meet- 
ing all the requirements noted above There- 
fore, the instrument was made of duralumi- 
num of 05 cm thickness and chromium 
plated The instrument, as shown in Figui e 
I, IS a modification and adaptation of the 
Cook’s pile clamp to the requirements of the 
Devine colostomy clamp * 

The clamp is only ly cm in length, therefore, the two handles (Fig i, 
D and C) protrude foi only 6 cm above the surrounding skin surface The 
central opening, which encompasses the “abdominal wall bridge” between 
the two colostomy openings, is 5 cm m the transverse and 4 cm m the per- 
pendicular d iameters Therefore, the opening will accommodate the abdominal 

Submitted for publication August 18, 1939 
The instrument is manufactured by V Mueller and Co of Chicago, 111 
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wall intei colostomy budge in either the obese or slendei patient without diffi- 
cult}^ or discomfoit The blades of the clamp (Fig i A and B) are 5 5 cm 
long and have an intei locking, sei rated edge on the ciushmg side of the blade 
The two limbs of the clamp intei lock and aie held together by a lock sciew 
(Fig I E) The blades are pulled togethei to produce the crushing of the 
mtei posed septum by the holt and wing nut (Fig i D) 



The application of the instiument to the colostomy is veiy simple The 
blades of the clamp are sepaiated by removing the lock screw (Fig i E) and 
disengaging the bolt (Fig i F) One blade is mseited into the distal limb of 
the colostomy With the forefinger in the pioximal limb, the blade is placed m 
the coirect position The fingei is remoA'^ed and the other blade is introduced 
into the proximal limb, the two handles aie engaged, and the thumb-lock 
sciew (E) IS put 111 place and sciewed up tightly The cross bar (D) is 
leplaced and the wing nut tightened sufficiently to coapt the blades snugly 
against the colocolon septum The wing-sciew is tightened daily one-half 
to one full turn until the seventh 01 eighth day, at which time, by ischemic 
necrosis, the septum is crushed through When the spur has been severed, 
feces exude tlnough the distal colostomy opening 


ERRATA 

In the article appearing in A^^ \ls of Surgfra, 112, 240-248, August, 1940, on 
“Plasma Transfusion in Experimental Intestinal Obstruction” bj Doctors Jacob Fine and 
Samuel Gendel, two errors have occurred (i) Page 247, the w'ord “for” in the second 
sentence of the third paragraph, should be “to”, and (2), in the first line of page 248, the 
figure “208” should be “20 8 ” 
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CARCINOMA OF THE THYROID 
Frank H Lahey, M D , 

DEPARTMENT OF SUHGERA, 

Hugh F Hare, M D , 

department of radiology, 

THE LAHE> CLINIC, 

AND 

Shields Warren, M D * 

Boston, M\ss 

“In the advanced stages of carcinoma and sarcoma we cannot control 
the growth of the thyroid Extirpation of the diseased substance will alone 
cure the patient from its ravages, but this can only be undertaken m the 
eaily stages of the complaint ” Thus spoke Allan Burns, ^ m i8ii, regarding 
cases of cancer of the thyroid which he had seen, but he did not mention 
total extirpation having been performed 

In 1822, Chetums" gave a short but admirable description of the struma 
scirrhosa He emphasized the knobby, hard consistency, the strong boring 
pain, the dyspnea and asphyxia, diffusion with neighboring structures especially 
the trachea, muscles of the neck, and he closed with the statement “Finally 
it IS transformed into a carcinoma, a true cancerous growth m which the 
neighboring nodes of the neck enlarge ” 

In 1855, BillrotlF reported a case of thyroid tumor with associated enlarge- 
ment of the lymph nodes which showed the same variation m morphology as 
did the thyroid tumor Billroth was the first to speak of any treatment other 
than surgery for this condition He attempted to employ electrocautery by 
puncture and believed that his patients received symptomatic relief for several 
da)s He was the first to comment on the presence of fetal thyroid disease 
and goiter 

Cohnheim,^® 111 1876, made one of the first histologic subdivisions for 
thyioid cancer, and at this time noticed that some of the thyroid cancers 
lesembled closely the 1101 mal gland, he used the term “benign metastasizing 
goitei ” Ciiticism of this term was started by Wolfler,-'’ m 1883, and con- 
tinued until the time of Graham’s work, published 50 years later 

Wolfier, m 1883, gave a very clear-cut pathologic classification of thyroid 

Pathologist, New England Hospital and Palmer Memorial Hospital, Boston, Mass 
Submitted for publication December ii, 1939 
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cancels similai to that in use to-day He stated at that time that a typical 
vascularization is a piobable factoi in the production of thyioid cancer The 
thyioid tissue letains its fetal chai actenstics until old age and commonly 
gives use to atypical epithelium and piohferation of epithelium moie than 
normal tissue Embryonal masses of epithelium aie usually found in the 
thyioid and, moie commonly, m goiters In these cases he assumed that 
carcinoma develops if the A^ascularization eithei remains atypical or becomes 
atypical as a result of hemoiihage oi venous hypeiemia 

In 1902, EhrharclE^ leported 200 cases of caicinoma of the thyroid, from 
which he attempted to diaw seveial conclusions He stated that m 104 cases 
a preexisting adenoma was piesent In only 21 cases could a preexisting 
goiter be proved He believed that degenerative changes, notoriously fi equent 
in old goiters, act as chionic tiauma since atypical epithelial giowth has been 
observed in the vicinity of these degeneiative changes This change may 
be the anatomic expression of the clinically pi oved relationship between goiter 
and malignant thyroid 

In 1905, Bloodgood"* stated there is little or no hope in caicinoma of the 
thyioid if the opeiation is peifoimed when the tumoi has reached a stage 
when a clinical diagnosis can be made Malignant tumoi s of the thyroid 
must be removed in the early stage, a period m then growth when they 
cannot be differentiated from a benign cyst and adenomata Foi this reason, 
eveiy asymmetrical enlaigement of the thyroid gland in individuals over 30 
years of age should be removed 

Thus, until the twentieth centuiy, time uas spent m developing a suitable 
pathologic classification but larely was an attempt made to lemove these 
tumors suigically Enough clinical mateiial had been gathered by 1921 for 
Wilson-'* to repoit 21 authenticated cases studied m the United States He 
considered that any adenoma of the thyioid composed of embiyonal tissue 
giving histologic evidence of active piolifeiation is potentially malignant even 
though it IS still contained entiiely within the capsule Wilson was the first 
to repoit the results of tieatment in 207 cases in which operation alone was 
performed Of these 207 cases, 194 weie followed and only nine patients 
lived five 01 more yeai s aftei operation 

One of the most useful conti ibutions to oui understanding of malignancy 
of the thyroid gland is the significance of blood vessel invasion, as pointed 
out by Allen Graham,*'* in 1925 This explained once and foi all the paradox 
of benign metastasizing goiter and also gave for the first time a fairly satis- 
factory means foi selection of those cases which are either actually or poten- 
tially malignant and those which are entiiely benign This criterion is not 
hard and fast, howevei, as definite blood vessel invasion is found at operation 
in a number of cases in which no metastasis is found 

The subject of cancer of the thyioid is one that urgently deserves atten- 
tion, not only on the pait of the medical profession, but also by the laity It 
deseives this attention and mteiest because, as will be seen in this discussion. 
It so often exists first as a benign tumoi latei becoming malignant, because its 
removal at this stage or even m an early stage of malignant degeneration 
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offei s such an excellent chance or even possible cui e after malignant degenera- 
tion has occuiied While the knowledge that many caicinomata of the thyroid 
oiiginate in discrete adenomata has been repeatedly stressed and is appieciated 
by a great many physicians, there aie still many who eithei do not realize 
the possibilities of prevention of carcinoma of the thyroid by removal of these 
adenomata before they have become malignant, or aie not so impiessively 
convinced of this danger that they are willing to advise early piophylactic 
removal of these tumors This subject, likewise, deserves attention because 
there still exists in many physicians’ minds an attitude towaid this subject 
which was piesent, and perhaps justifiable, some yeais ago but not now — 
that is, that all cancels of the thyroid were quite hopeless fiom the point 
of view of cine 

It IS not suipiising that individual opinions on this subject should be 
what they so often are because of the fact that cancel of the thyroid occuis in 
such a small percentage of patients with goiter that in any individual’s 
practice, unless it be one dealing with patients with goiter in laige numbers, 
an insufficient number of cases will occur to peimit him, by actual experi- 
ence, to obtain information and convictions about the true state of this situa- 
tion It IS because of the fact that we have had the oppoitunity of having 
perfoiined 18,600 goitei operations, and so having had the opportunity to 
see and manage such a considerable number of patients with malignancy of 
the thyroid, that we feel obligated to present 0111 expeiiences with the subject 
Since a series of reported cases from a clinic such as ours lepiesents the 
experiences and results of the combined efforts of siiigeons, roentgenologists 
and pathologists woiking closely togethei on cases which have been carefully 
folloiied. It pel nuts deductions to be drawn from these not inconsiderable 
data, the justification of which may be settled and applied to each reader’s 
personal expeiience with malignancies of the thyioid 

The logical appioach to decreasing the number of patients who lose their 
life fioin malignancy aiising in any given oigan is above any other con- 
sideration concerned with the removal of premalignant lesions in that organ 
when such states are known to exist It seems worth while, therefore, to 
cite biiefly a few illustrative histones out of a laige number of malignant 
degenerations in adenomata which have existed foi a considerable period of 
tune without evidences of malignancy In these cases, it can with quite 
leasonable safety be stated that foi at least a definite period of time the 
adenomata were not malignant and then lemoval during this period would 
quite pi obably have resulted 111 the pi evention of malignancy 

ILLUSTRATIVE CASE REPORTS 

Case I — A female, age 20, came to the clinic June 23, 1937, because of enlargement 
of the neck for tiie past three or four jears It had been known to her medical advisers 
that this enlargement \eas due to a palpable, discrete adenoma of the thyroid She had 
been advised that since it had given her no trouble it should not be remoied 

Examination revealed a verj moderate smooth enlargement of both lobes of the 
thjroid gland A firm, smooth, round adenoma the size of an English walnut could 
be felt m the left lower pole extending beneath the sternum Roentgenograms of the 
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trachea showed a soft tissue mass to the left and anterior to the trachea, displacing it 
to the right and compressing it anteroposteriorly It is to be noted that this patient 
and her physicians knew that she had had this adenoma for three years but she had 
been wrongly advised to do nothing about it until it bothered her 

On June 25, 1937, partial thyroidectomy and wide removal of the adenoma vere 
performed The pathologist’s report was carcinoma, partlj papillary, partly small cell 
type The patient was discharged July 23, 1937 

Roentgenotherapy was begun July 6 A series of 23 treatments was given , 7,000 r 
units were delivered to the thyroid region There was an evtremely severe postradiation 
reaction to combat, in which quite aggressive measures were necessar}' 

The patient married and remained well until March, 1939 She returned March 24, 
1939, because of headaches for the previous three weeks The headaches were frontal 
in type and came on at any time of the daj' or night She had had no difficulty with 
the neck There was no sign of local recurrence and her general condition was quite 
satisfactory Roentgenograms of the accessory sinuses showed them to be well devel- 
oped and apparently clear 

On May i, 1939, right cerebral craniotomy was performed bj-^ Doctor Horrax of 
the Neurosurgical Section m the clinic, with excision of a suspicious area in the post- 
frontal region, decompression for extreme edema and removal of bone flap The diagnosis 
was metastasis from the thyroid carcinoma The patient died May 17, 1939 

Without intending to be specificall}'- critical of her medical advisers but 
solely for the purpose of presenting the case as a lesson, the deduction from 
this history is sad but clear and unmistakable Had this young lady had 
her small adenoma of the thyroid removed three years previously when it 
first appeared she would m all probability be alive and well to-day 

Case 2 — A male, age 24, came to the clinic January 31, 1935, because of a “goiter" 
of ten months’ duration Theie had been little or no change in tbe size of tbe neck 
during this period No symptoms were present and the patient felt phjsicalh fit 

Examination revealed the left lobe and isthmus of the thyroid gland to be enlarged 
to four times normal size by the presence of a discrete, movable thyroid adenoma The 
trachea was deviated to the right in the lower cerMcal region Since there was no 
hyperthyroidism present m this case it was with difficultv that this young man and his 
parents were persuaded regarding the wisdom of removing it It was only when the 
general danger of malignancy in all thyroid adenomata was stressed that operation was 
even considered This patient strenuously resisted immediate operation because of a 
desire to complete an already begun important year of graduate study 

On February ii, 1935, a discrete adenoma, approximately 65 cm m diameter, was 
removed from the left lobe The pathologist’s diagnosis was papillarj adenocarcinoma 
The patient was discharged Februarj 16, 1935 

A series of 12 roentgen rav treatments were given, directed to both sides of the 
neck through two portals 

The patient has remained well to date and there is no evidence of recui rence 

In this case there is also a lesson Had this patient had his adenoma 
removed ten months previous to the time when he did he might well have 
escaped mahgnanc}'^ Had he been peimitted to complete his yeai of graduate 
study he might well have lost his life 

Case 3 — A female, age 31, came to the clinic Januarj 30, 1935, because of swelling 
of the neck for two years Examination revealed two discrete adenomata the size of 
English walnuts m the upper pole of the right lobe and a single small adenoma m the 
left lobe This patient and her husband were strongly opposed to ani operative proce- 
dure The thjroid tumors were not of sufficient size to make them iisible Thej 

980 



%oiumoii2 CARCINOMA OF THE THYROID 

>>iimher C 

caused no pressure There was no toxicitj'- and they had been advised against removal 
by their attending medical adviser 

At operation, February 6, 1935, hvo adenomata of the right lobe were found and 
the lobe was enlarged one and one-half times its normal size There was a single 
adenoma in the upper pole of the left lobe A right subtotal hemithyroidectomy \vith 
removal of the adenomata and excision of the adenoma of the left lobe was performed 
The pathologic diagnosis was papillary adenocarcinoma She was discharged February 

15, 1935 

A series of ii roentgen ray treatments, of 300 r each, was given, delivered through 
two portals A fairly marked skin reaction occurred following the treatments 

The patient has remained well and there is no evidence of recurrence 

Again, in this case, this patient had been assured repeatedly that the en- 
largement in her thyroid \vas haimless and did not require attention It was 
only wdien the aid of her uncle, who was a physician, was enlisted that she could 
be persuaded to have the operation performed No one can deny the fact that 
the removal of these adenomata t\vo years earlier would have been wiser 

Case 4 — A female, age 67, first came to the clinic with her attending surgeon 
because of a disagreement on the part of her physician and her surgeon as to whether 
or not she should be operated upon for possible gallstones It had been known for 
some years that she had a discrete adenoma of the thyroid After examination at the 
clinic, it w'as advised and accepted that she did not have gallbladder disease and should 
not have any operation for it, but removal of the adenoma in her thyroid gland was 
strongly advised While her physician and her surgeon were divided in their opinion 
concerning operation upon her for gallstones they W'ere positively united in opposing 
anv operation upon a single adenoma of the thyroid which had been present without 
symptoms for many years, and it was only when the responsibility for possible, though 
unsuspected, carcinoma was placed upon the patient and her physician and surgeon that 
It w'as accepted 

This unruptured adenoma w'as removed , it w’as considerably substernal The 
pathologist’s report w^as adenocarcinoma Roentgenotherapy w’as given to the region of 
the thyroid gland 

While the patient has remained well, it, undoubtedly, would have been 
bettei to have removed this adenoma as a prophylactic measure earlier, and 
had further delay resulted an unnecessary fatality would undoubtedly have 
occui red 

These typical examples represent but a few of a large number of our 
cases of malignancy of the thyroid m which, from the history and the patho- 
logic findings, it could be assumed that a benign adenoma of the thyroid 
had been piesent for some time, the removal of wdnch, m this stage, would 
have peimitted the individual to have escaped the resulting risk to his life 
and intensive postopeiative radiation, vvith its necessarily associated roent- 
gen ra} sickness and the unavoidable and disfiguring skin changes associated 
with massne high voltage roentgen radiation Numerous examples similar 
to the first case, in which it can be reasonably assumed that the patient lost 
her life needlessl} , occur m our records and could be reported m considerable 
numbers but would serve no purpose othei than to undesirably present criti- 
cism of the lack of knowdedge concerning malignant changes in adenomata 
ot the thyroid on the part of patients and their advisers 

CLi>riCAL Diagnosis of ^Malignancy of the Thvroid — While it will 
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be impossible in many cases without biopsy to settle with ceitainty the abso- 
lute piesence of malignancy and its type, winch is of particulai importance 
from the point of view of piognosis and the justification of piolonged and 
intense i oentgenothei apy, it will he of value to discuss fiom the point of view 
of a suigeon who has examined many of these cases pieoperatively the features 
which suggest the possible presence of malignancy in the thyroid and the con- 
ditions with which they may he confused 

The thyioid state which will most often cause the observer, with hut little 
experience in palpating thyioid glands, to considei wrongly the possible 
piesence of malignancy of the thyroid is that of thyioiditis When the thy- 
roid gland IS chronically inflamed and occupied by round cell infiltiation, as 
it IS m this state, it assumes such a condition of stony haidness as to re- 
semble that condition which one sees so fiequently associated with malignancy 
anywhere and particulai ly m the thyioid The distinguishing diagnostic point 
about thyioiditis as compaied with carcinoma of the thjuoid is that it is a 
diflfusely infiltrating piocess, peivading the entiie gland or one lobe of the 
gland and causing hut model ate and symmetrical geneial enlaigement 

The outstanding clinical diagnostic featuie of thyroiditis is that while the 
gland may take on a hardness of almost marhle-like consistency its symmetry 
and anatomic outline lemain in geneial unchanged This is quite in contra- 
distinction to what one finds in malignanc)' of the thyroid Since malignancy 
of the thyioid usually arises fiist locally, the symmetry of the gland is fie- 
quently lost Local enlaigement of the gland occurs and distinguishable 
firmness in the palpated lesion usually does not occui until the malignancy is 
quite well advanced The association of enlaiged adjacent cervical lymph 
nodes with any mduiated swelling of the thyroid should make one very 
suspicious of thyroid malignancy 

The feature indicating possible malignant degeneiation of an adenoma of 
the thyioid, which has existed for some time, is a change in consistency from 
one of moderate fiimness to one of mduiation The two common causes of 
a change in consistency to one of unusual fiimness in an adenoma of the 
thyroid aie the occui lence of malignant degeneiation within the adenoma and 
hemorihage into the adenoma The forniei occurs giadually and without 
pain and localized tenderness The lattei occui s m a quite shoit period of 
time and is usually associated with pain and localized tenderness in the 
adenoma When in a disci ete adenoma or adenomata, which have existed for 
some time with well defined and palpable outlines, a loss of this shaiply de- 
fined outline with diffusion of the film tumor mass into the parenchyma of 
the gland occurs, one should be suspicious that malignant degeneration has 
taken place inside the adenoma, eioding through the capsule, involving the 
parenchyma and so causing to he lost the discrete outline of the unruptured 
discrete thyioid adenoma (Fig i) When a discrete adenoma or discrete 
adenomata of the thyioid have existed foi some time as quite movable 
tumors, and have then become fixed to the surrounding stiuctures, one should 
he suspicious that this fixation is caused b}' malignant degeneration within 
the adenoma, erosion of the capsule and invasion of adjacent tissues, thus 
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causing the fixation While the leactions about a thyroid adenoma secondary 
to heinoirhage into the tumor pioduce some degree of fixation, this is far 
less definite than is the fixation caused by malignant degeneiation within the 
adenoma The fiim attachment of the piethyroid muscles to any firm tumoi 
felt at the time of operation is extiemely suspicious evidence of the piobabihty 
that the fiimness and the attachment of the thyioid tumoi to the muscles aie 
the lesult of malignant degeneiation within the adenoma When at opeia- 
tion, -with the sepaiation of the piethyroid muscles fiom the anteiioi surface 
of an induiated thyioid gland, bits of the thyioid come aivay fiom the in- 



Fig I — Adenoma of the thjroid with malignant ch inge showing erosion of 

the capsule 


duiated gland adheient to the muscles, this is quite suggestive evidence that 
the lesion is malignant and has alieady infiltiated into these muscles Voice 
changes due to lecuirent laiyngeal paialysis secondaiy to involvement of the 
neive in malignancy occasionally occui, but extensive malignancy of the 
thyioid can so often occui ivithout piodiicmg this paialysis that this feature 
has but little value as a sign indicating the possible piesence of malignancy 
in the thyioid 

Up to the tune that ive had had a consideiable expeiience with malignant 
degeneiation in adenoma of the thyioid, w^e had assumed two attitudes w'hich 
w e now' know' w'ere not pi opei ones One w'as that there w as little likelihood 
that malignant degeneiation would occui in a ^ely small thyioid adenoma and 
the other, that thei e w'as but little, if an)' dangei of a thyi oid adenoma becom- 
ing malignant m a young peison In Figuie 2 may be seen an adenocar- 
cinoma occuri ing m an adenoma the size of one s thumbnail , and this has 
OCCUI led se\eral tunes in oui expeiience klahgnancy of the thyroid has 
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now occurred m our experience in so many young people that we know that 
dependence upon youthfulness in patients with adenomata of the thyroid as 
a protection against possible malignant degenerations is not advisable 

While there is a lack of appieciation and aggressive surgical action in 
the matter of malignant degeneration m adenomata of the thyroid, there is 
also an almost universal lack of knowledge in the minds of most physicians 
and many surgeons concerning the existence of, the diagnostic featui es of, and 
the proper management of the sometimes already malignant and in all cases 
potentially malignant lesions associated Avith the occurrence of lateral aberrant 
thyroid masses 

The thyioid gland in intra-uterine life arises at a point in the fetus, indi- 
cated m later life by the foiamen caecum, at the apex of the ciicumvalate 

papillae on the back of the tongue 
It IS at this point at which the thyro- 
glossal duct, then connected with 
the thyroid, empties With in- 
crease in size of the fetus, the thy- 
roid gland descends from its place 
on the back of the tongue to its posi- 
tion on the tracheal lings, leaving 
along its course of descent the 
thyroglossal tract which normally 
becomes completely obliterated 
When failui e of obliteration occurs 
a thyroglossal cyst is then formed 
Occasionally thyroids fail to de- 
scend into their position in the neck 
and then the so-called lingual thy- 
roid occurs, three examples of which we have had in our experience 

While the true origin of the thyroid is from this central anlage. thei e occa- 
sionally arise lateially from one or both sides of the neck papilliferous glan- 
dular masses from the ultimobianchial bodies which are known as lateral 
aberrant thyroids These abei rant thyi oid structures occur up and dowm the 
neck just in front of and under the edge of the sternocleidomastoid muscle 
They aie discrete, gland-like masses varying in size and consistency with the 
length of time wduch they have existed In their early stage, they closely 
resemble enlarged lymph nodes and are often mistaken for them They are 
in the beginning soft, freely movable and discrete, and do not tend to mat to- 
gether They cause no symptoms whatever when they first appear and are 
often thought by those w'ho have not had experience with them to be inflamed 
cervical lymph nodes These lateral aberi ant thyroid masses frequently occur 
with a coexisting similar papilliferous nodule w'lthin the thyroid gland itself 
which may represent a metastasis of these lateral thyroid bodies into the 
thyroid gland This situation can and has led to the removal of one of the 
gland-like masses or the nodule in the thyroid and its submission to a patholo- 
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gist If It be one of the lateral gland-like stiiictures and the repoit that 
comes back fiom a pathologist is simply malignancy without qualification, 
the assumption has been, in cases opeiated upon elsewhere and with which 
we have dealt, that the tumoi in the thyroid is malignant and the lateral 
gland-like masses in the neck aie metastases If the tumor in the thyroid is 
removed fiist and this pathologic lepoit is letuined, then the same impioper 
interpretation of the situation can occui Both of these expeiiences have 
occuiied 111 our practice in patients latei sent to us for operation, when the 
true state of affairs had been settled It is important to lealize the necessity 
of complete dissection of both sides of the neck, togethei with wide removal 
of any tumoi s within the thyioid itself, when these lateral alien ant thyroid 
bodies exist 

In such a situation as is above described, we have had patients sent to us 
m whom upon removal elsewhere of the papillifeious nodule m the thyroid 
and a repoit of malignancy of the thyioid leturned, wnthout specifying the 
type by a pathologist wntbout consideiable experience wnth thyroid disease, 
it w^as assumed that wdiat m lealit}'^ w'^ere latei al abeirant thyioid bodies weie 
metastases to the lymph nodes and that the case w^as hopeless In such cases 
it has been assumed that fuither opeiative procedures w^eie not indicated 
because of the hopelessness of the situation in view^ of the metastatic nodules 
m the lymph nodes 

Such a situation w'ould, of course, never occur in the hands of a surgeon 
01 a pathologist w^ho had had any considerable expeiience wnth thyioid states 
It does, and has, in otii expeiience occuiied seveial times in the hands of 
men wdio have not had consideiable thyioid experience, and wnth no purpose 
of ciiticism but lather to impress upon all the need to have in mind the 
possible presence of tbe latei al abeiiant thyroid bodies and their potential 
malignancy, it is cited To give patients, having these lateral abeiiant thyioid 
masses wnth oi wnthout thyroid implantations, the best chance both sides of 
the neck should be thoioughly dissected from the clavicles to the mastoids 
with complete removal of all abeirant thyioid tissue together wnth any nodules 
in the thyroid gland itself We have had 36 cases of malignancy of the 
lateral aberiant thyroid iDodies in wdiich opeiation w’’as perfoimed, and twm 
patients have died of lecuiience 

The most satisfactoiy management of thyroid malignancy to-day is b} 
means of a comljination of radiation and suigeiy, as is showm 111 Table I by 


Table I 

CARCINOMA or THE THAROID 
Ttjc-Ycar Sur't al Rale 231 Casa 


Adenom-i w ith blood \ e^sel invasion 

Cent 

71 

Papillar> cystadenoma mabpnant 

62 

Papillary adenocarcinoma 

80 

AUeolar adenocarcinoma 

27 

Small cell carcinoma 

22 

Giant cell carcinoma 

17 

Fibrosarcoma 

33 
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the five-year survival figiiies in patients treated by surgeiy and ladiation 
Surgeiy finds its most satisfactoi}'^ place, of couise Fust in the prophylactic 
removal, while the tiimoi is still benign, of the discrete tumois of the th)'Toid 
in which malignancy may latei arise It finds its next most satisfactoiy 
application in those tumois m which malignanc}'^ exists within the capsule 
of such an adenoma but without erosion or invasion of the capsule Its next 
most satisfactoiy application is in those cases in which malignancy has oc- 
cLiried within the adenoma, has eroded the capsule and involved the paren- 
chyma of the th3noid at only one point, so that lelatively complete removal 
of the malignancy can be accomplished Its least satisfactoiy application will, 
of com se, be m those cases with wide infiltration of muscle, trachea and lymph 
nodes by the mfiltiatmg th)aoid giowth 

As the result of this quite extensive opeiative expeiience with thyroid 
mahgnanc}'’, we have, with our successes and failures, acquired quite definite 
convictions concerning the employment of surgery m thyroid malignancy 
We believe that it is wise, even in advanced thyioid malignancies, to 
obtain a biopsy specimen toi pathologic examination, since the degree of 
radiosensitivity is known to vai}'^ so much with the different types of tlproid 
taicmoma We have as have inaii}'^ othei men interested in thyioid malig- 
nancy, had cases with extensive and seemingly hopeless thyioid malignancy 
which when of the radiosensitive type, under ladiation, have become discrete, 
movable and leinovable We have seen their metastases controlled by ladia- 
tion and have seen them with lepeated ladiation and local lemoval live many 
years, to die of entiiely othei causes than then thyioid malignancy One of 
many examples is the case of a woman who recently died here of coionary 
thrombosis Seven and one-half yeais ago she appealed m the clinic with 
extensive, seemingly hopeless, malignant papillary cystadenoma of the thyroid, 
with multiple fixed masses and metastasis to the ceivical lymph nodes 
Under radiation these masses became mobile and disci ete, weie lemoved, 
and the metastases were conti oiled by loentgen ray When she died, at 
the end of seven and one-half yeais, of a caidiac lesion theie were still 
multiple cicatricial nodules piesent but she had lemained entirely nell and 
had lived a noimal life during this time 

One must not fail to realize because of the capacity of th3'ioid malignancy 
to var3' \\1del3' in type, to vai3'’ wide^^ m its capacit3'^ foi distant metastases 
and pai ticulai 13^ to var3f gieatl3’^ m its degree of iadiosensitivit3', that it is in 
all cases of the fiist impoitance to know the type of malignant thyroid tumor 
one IS dealing with This will influence one as to how much surger3’’ to apply 
and will distinctl3^ influence one as to how much radiation to apply 

In hopeful tumors, it will be justifiable to emplo3' radiation dosages nhich 
may seriousl3' upset the patient’s geneial condition and, likewise, one ma3’’ 
justifiabb" emplov dosages nhich will result m permanent skin changes 

It IS not eas3 to set dovn upon papei in what cases to appb^ surger3'^ in 
patients A\ith cancel of the th3TOid, and it is particulai 13'^ difficult to set down 
how much to do when it is applied In this experience v ith these malignant 
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lesions of the thyioid, we have dealt with almost eveiy vaiiety of pioblem 
While we have learned a gieat deal about what to do surgically with these 
cases, we have learned even more about uhat not to do m these cases I 
know of no gioup of cases wheie judgment and expeiience pay highei divi- 
dends than m the decisions m these cases to uithhold suigeiy entiiely, to 
undeitake complete radical lemovals, and to stop and gne up any ideas of 
ladical lemovals aftei once undei taken 

In the patient with a disci ete adenoma with an umuptuied capsule, even 
though the tumoi be of such him consistency that malignancy is suspected, 
it IS in our opinion unnecessar}^ to do moie than complete lemoval of the 
adenoma with its capsule intact It is unnecessary and unwise m this situa- 
tion to undertake complete thy i oidectomy togethei with removal of the thyioid 
adenoma If, however, the malignancy has eioded the fibious capsule of 
the adenoma and involved the parenchyma of one lobe of the thyioid it is 
important in such cases that the entne lobe and istbmus with the contained 
malignancy be removed intact Piovided tbe cai emomatous adenoma has in- 
volved but one lobe, it is unnecessaijf to peifoim a total thyroidectomy and 
remove the unaffected lobe If lecmience is to take place at this stage, it is 
most likely to be m the lymph nodes and is best conti oiled by iiiadiation 
If caicmoma has involved the entiie gland an attempt may be made to 
lemove it by removing the entne thyroid gland with its contained malignancy, 
if the involved gland appeals movable Attempts may be made to lemove 
such glands even when they are quite fixed, piovided there is not fixed and 
infiltrating cai emomatous tissue extending belozv the claviclez and into the 
mediastinum 

It IS impoitant m the suigeiy of cancer of the thyioid to lealize that the 
tiachea with its cartilaginous imgs and the fibious sbeatb wbich envelops it 
aie quite lesistant to cai emomatous infiltiation In late malignant lesions of 
the thyroid one will at times find the caitilagmous imgs of the tiachea sof- 
tened, at times collapsed, and at times the tracheal wall actuall}^ invaded In 
many cases, however, which seem so fixed to the ti achea that malignant mfil- 
tiation seems certain, opeiative investigation will demonstiate that the fixation 
IS due to a cicatiicial layer of condensed connective tissue between the back 
of tbe malignant thyioid and the tiachea without infiltiation and peimittmg 
clean and complete lemoval of the thyioid gland 

In occasional cases the cai emomatous piocess so lemains within the th}^- 
loid gland itself that extension to tiachea and muscles does not occui, per- 
mitting easy and complete ablation of the entne th3'ioid Even when the 
malignancy so involves the thyioid that there is fiim fixation to the trachea 
one may exploie the gland for its possible removal 

With the exception of the patient with a relatively benign and eaily pajnl- 
laiy cjstadenoma m an umuptuied adenoma, it is oui opinion that malignancy 
of the thyioid should nevei be tieated Iw surger}' alone but m combination 
with niadiation Theie aie man) patients with advanced malignant lesions 
of the th)ioid m which no opeiation should be undei taken othei than that 
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of obtaining a biopsy specimen to settle its type and so its amount of radia- 
tion In most patients with carcinomata of tlie thyroid too advanced fot 



Fig 3 — Note in tlie inseit the type of incision uith the limb on the 
Side of the affected lobe earned well up to the angle of the jaw This 
pel nuts as shown in the main illustration wide exposure with high and 
low ligation of the intern il jugular \eni together with high and low trail 
section of the stei noniastoid nniscle It is possible with this exposure to 
renio\e the lobe ]n\ol\ed b\ the malign nicy with adjacent lymph nodes with 
most of the sternocleidomastoid muscle and all of the section of the internal 
jugular \em localh lelated to the thyroid malignancy Since malignancy of 
the thyroid gland is so apt to extend along \enous channels this is important 
as it renioxes unopened those aenous channels connecting with the internal 
jugular the superior middle ind inferior thyroid \eins along which malignancy 
tends to spread Note that a small strip of sternocleidomastoid muscle is 
left at the back that the internal jugular ^eln has been separated from the 
common carotid artery and the \agus ner\e, thus establishing the clea\age 
line which is to represent the outer limit of the blocked out area to be 
removed Note the dotted lines which mark the points above and below 
at which the sternomastoid muscle and internal jugular vein are to be 
severed establishing the upper limits of blocked out area for removal 

removal, there will be metastasis to the lymph nodes The lemoval for biopsy 
of such a disci ete and movable lyinph node, often under local anesthesia, is 
a much easiei and safei piocedure than the exposure foi biops}' of the infil- 
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trated thyioid with the consequent bleeding and in a patient so obstructed 
in respiiation that any anesthetic oi manipulation on his neck may further 
add to his breathing difficulties 

When malignancy of the th3uoid has luptured the capsule of the adenoma 
of the thyioid in which it started, when it has involved the surrounding thy- 
ioid parenchyma and when it has extended beyond the thyroid gland and 
involved the lateial and overlying muscles even with consideiable fixation, 
piovided the piocess is limited to one side of the neck, removal may still be 
attempted, not with any idea that it aviII accomplish complete surgical lemoval 
and a surgical cure, but to eliminate all of the tissue giossly involved m 
the malignancy This gives irradiation less to accomplish and often so 
removes piessuie from the trachea that complete lelief of resjDiratory obstiu- 
tion may be accomplished 

If radical suigical lemoval of an extensive unilateial caicinoma of the 
thyioid. 111 such a case as described above, with infiltration be3mnd the thyroid 
IS attempted, the removal should lealb' be ladical and should proceed along 
definite lines No attempt should be made to separate the muscles over the 
thyioid as in conventional thyioid operations A high and wide skin flap 
should be turned up, leaving the plat3'sma adherent to the front of the 
malignant gland (Fig 3) The internal jugulai vein should be ligated just 
above the clavicle and just below the mastoid The vein is seveied at these 
points between the ties and the entiie internal jugular separated fiom the 
common caiotid arteiy and vagus neive in the caiotid sheath and left attached 
by Its branches, supeiioi, middle and mfeiioi th3TOid veins, to the malignant 
thyroid (Fig 4) If theie be any extension into the muscles, the sternomas- 
toid should be seveied above and below and turned mwaid with the internal 
jugular vein and the malignant lobe of the th3woid The superior and in- 
feiioi th3^roid aiteries are tied and severed, and the entiie lobe of the thji’roid 
gland, with its contained malignancjq with the internal jugular vein attached 
to it and, if necessaij^, also with the steinomastoid muscle, is turned up and 
dissected inward until it is conipletelj'^ freed fiom the tiachea and until the 
thyroid tissue in the remaining lobe is reached (Fig 5) In cases sufficiently 
extensive so that this radical pioceduie is justified, it is usually unwise to 
attempt dissection and pieseivation of the lecuiient neive although, even 
with quite extensive involvement of one lobe of the th3noid with malignancy, 
it will be found possible to dissect and pieserve the nerve without limiting 
the ladicalness and completeness of the lemoval of the cai cinomatous lobe 
One must realize m all operations foi extensive thyroid mahgnanc3'^ that wide 
and complete removals of all tissue involved in the malignancy will not be 
possible 

The lemoval of the internal jugular, togethei with the malignant lobe of 
the thyroid, is of great importance in the suigical management of these cases 
due to the fact that thyroid malignancy so tends to extend into the veins and 
along then couise If the internal jugular be ligated and severed high and 
low 111 the neck then not onl3'^ can the jugular itself be removed with the 
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malignant glands but also all the tnbutary veins, lunning fiom the thyroid 
into the section of the jugulai which is removed, supeiioi, middle and in- 
ferior thyroid veins can be removed The tendency for lecuirent thyioid 
malignancy to extend within the thyroid veins and the need foi wide and 
radical removal of the adjacent veins together with the tumoi m these cases, 
have been well stiessed by Dr Allen Giaham It is, hkevise, impoitant that 
this same principle he employed in the smgical management of lecuirent 
thyroid malignancy 

In the surgical management of these malignant lesions of the thyroid, 
we have learned that it is unwise to continue attempting to lemove malignant 
thyioids unless the dissections can he earned along definite anatomic lines 
of cleavage If it is found that the malignant mass has, foi example, grown 
into and fused with the ti achea, it is hettei to give up any attempt at i emovmg 
it than to attempt to cut away segments of its malignancy It is pai ticularlj^ 
dangeious to attempt to lemove masses of thyroid malignancy which have 
extended below the clavicles into the mediastinum Extensions of thyioid 
malignancy fiom the lowei poles into the mediastinum do so by mfiltiatmg 
diffusely into mediastinal tissue and without establishing any definite lines of 
cleavage that permit safe sepaiation and removal Attempts to remove 
mediastinal extensions of thyroid malignancy lesult only in profuse venous 
hemorihage with the postoperative occurience of hematomata heie that 
fuither embariass respiration and permit the development of mediastinal in- 
fection It IS extiemely important to appieciate that thyioid malignancy tends 
to extend hackwaid in the neck into the gioove between the trachea and the 
esophagus and that the esophagus is veiy prone to become attached to the 
malignant thyroid tissue often without actually being involved in it As the 
malignant thyioid lobe is rolled inward foi dissection, the malignant thyroid 
lobe often pulls up with it the attached esophagus Many times we have 
had to caiefully separate the pulled up and adheient esophagus fiom the 
malignant thyioid lobe before the lobe could he lesected Unless the thyroid 
malignancy has actually invaded the wall of the esophagus, that structure 
can readily he dissected away fiom the malignancy and peimitted to fall back 
into its noimal location This is an extiemely important point as the ad- 
heient esophagus can veiy easily he ovei looked and injured When adequate 
operations for malignancy of the thyroid have been completed, the trachea 
will he quite hare since all of the lateial lobe and isthmus will have been 
lemoved There will, however, he instances in which, because of fusion of 
the giowth with the ti achea, it will not he possible to lemove all of the tissue 
from over the ti achea In such cases, cai e must be taken to expose and clean 
off the trachea thoi oughlj’-, below the isthmus A\hen it is possible, against the 
possibility that with postoperative s^\elhng, edema and hematomata, the need 
foi a tracheotoni)’- may quickly and ui gently aiise The time to piejiaie for 
a tiacheotomy in any thyioid operation and paiticularly m thyroid operations 
foi malignancy is when the hist opeiation is being pei formed vhen there is 
good exposnie, fiee bieathing and when with a satisfactory unhuiried dissec- 
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tion the trachea can be freed and exposed in a dry field If when the opera- 
tion for thyroid malignancy is completed there is the slightest question about 
the patient’s breathing, the tracheotomy should be perfoimed then and not 
latei aftei the patient has suffered fiom hampered lespnation and subox}'gena- 
tion for some time It will fiequently be necessary to perfoim temporary 
tracheotomies m patients with extensive caicinomata of the thyroid who have 
had extensive dissections of the trachea 

Table II 

PATHOLOGIC GROUPING OE MALIGNANT TUMORS OF THE THYROID* 

Group I Low or Potential Malignancy 

(1) Adenoma with blood vessel invasion 

(2) Papillary cystadenoma with blood vessel invasion 

(a) Onginating from thyroid 

(b) Originating from aberrant thj’^roid 
Group II Moderate Malignancy 

(1) Papillary adenocarcinoma 

(2) Alveolar adenocarcinoma 

(3) Hurthle cell adenocarcinoma 
Group III High Malignancy 

(1) Small cell carcinoma (carcinoma simplex) 

(a) Compact type 

(b) Diffuse type 

(2) Giant cell carcinoma 

(3) Epidermoid carcinoma 

(4) Fibrosarcoma 

(5) Lymphoma 

Pathology — The teim “adenoma of the thyroid” has so frequently been 
misapplied to mere nodular aggiegates of thyroid tissue that its present con- 
notation IS very indefinite We regaid as adenomata only those masses of 
thyroid tissue that can be considered definitely neoplastic Certain of the 
tumors formerly regarded as adenomata would now be excluded and con- 
sidered as foci of involutional change For a true adenoma we require the 
following criteria to be fulfilled 

( 1 ) Complete encapsulation 

(2) Homogeneous texture, grossly and microscopically, throughout, with 
the exception of degenerative foci such as cysts, calcification, or 
fibrosis 

(3) Distinct vaiiation of the tissue within the capsule from that outside 

(4) Evidence of compression of adjacent thyroid tissue by the nodules 

We classify adenomata in four major groups, according to their histologic 
appearance The embrj^onal adenoma is the least differentiated, made up of 
solid columns of small, compact, polyhedral, usually intensely basophilic cells, 
uith varjing amounts of a rather loose, edematous stroma These resemble 

* Modified from an earlier classification from this clinic ® ^ 
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the structure of the thyioid gland in the earlier stages of embryonic life The 
fetal adenoma is a some\\hat more differentiated type, where there may be 
some small clusteis of cells, but, in addition, there aie some follicles containing 
a small amount of a lathei thin, watery colloid Again, the stroma is faiily 
abundant and edematous 

In the simple adenoma, the stiuctuie moie neaily mimics that of the 
1101 mal thyroid gland although it does not show the same degiee of func- 
tional activity as does the adjacent noimal thyioid tissue Very laiely a 
tiue toxic adenoma may be discoveied, in i\hich theie is hypeiplasia and 
hypei function by the tissue of the adenoma itself and not as a result of the 
sunounding thyroid tissue The bulk of the so-called toxic adenomata is com- 
posed of eithei nodules in an endemic goiter showing secondaiy hyperplasia oi 
else ti lie adenomata occui i mg in an hypei plastic gland A subtype of adenoma, 
rarest of all, is the so-called Huithle cell adenoma,^- or as it is sometimes 
spoken of, the Getzowa adenoma This is chaiactenzed by the piesence of 
acini lined by laige, pale, cleai, acidophilic cells, with lathei laige, piominent, 
vesiculai nuclei These lange from high cuboidal to columnar and aie gen- 
eially clearly demarcated fiom one anothei Occasionally, they occui in 
masses oi stiands, but, in geneial, alveolar foimation is faiil} distinct 

The colloid adenoma is the most diffeientiated and one of the rare foims 
of tumor, wheie the acini are all gieatly distended by huge aggiegations of 
colloid The epithelium is usuall}' low cuboidal or flat These may be occa- 
sionally mistaken foi foci of hypei imolution 

Any one of these types of adenomata may become malignant Piactically 
all have thin-v ailed blood vessels, and, as has been so cleai ly pointed out by 
Giaham,^”* one of the best evidences of malignancy in these tumors is the 
existence of blood vascular invasion Less than 3 per cent of adenomata 
show blood vessel invasion, and of those that show it, onl}'^ 10 per cent 
show definite clinical evidence of malignancy How^evei, it is impossible to 
diffeientiate the small peicentage of those adenomata with blood vessel inva- 
sion that do lecm 01 metastasize fiom those that make no fuither tiouble 


Consequently, it is necessaiy to considei the whole gioup of adenomata wnth 
blood vessel invasion as potentially malignant, eien though w'^e recognize 
that 90 pel cent will cause no fuither tiouble Undoubtedly, seieral factors 
ai e of impoi tance here The extent of the vascular invasion , the compactness 
of the giow'th, detei mining the ease wuth wdiich emboli may foim, and the 
site in w Inch emboli may lodge 

The metastases of adenoma wnth blood vessel invasion vaiy in appearance, 
some aie undiffei entiated (Fig 6), otheis histologically indistinguishable 
liom noimal tlnroid tissue The commonest metastatic sites are the bones 


The existence of boii} metastases is not mcomjjatible with long life, one 
patient seen ha\mg lived foi seven }eais aftei a pathologic fiactuie called 
attention to the existence of the hony metastases Those cases wdnch show' 
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gioss evidence of blood vessel invasion aie much more apt to show definite 
clinical evidence of malignancy than those with only microscopic evidence 
It IS impoitant in detei mining the piesence of blood A^essel invasion to 
rule out aitefact, wheieby acini may seem to lodge within the lumina of 
vessels We piefer to accept as definite evidence of blood vessel invasion only 
those cases in which actual penetiation of the vessel wall may be made out 
That such invasion must occui lathei widely m these tumors is shown by 
the fact that the sections studied lepiesent only a small fi action of the total 
mass of the tumoi So fai, only one questionable case has been encounteied 
wdieie the usual routine examination of sections of the adenoma failed to 
disclose blood vessel invasion and subsequent development of metastases 



Tig 6 — Embryonal adeiiorm of the fhjroid chowing Hndiffcrentnted cells 
and iiiarKed Msciihiitj (X 300 ) 


proceed the malignancy of the tumoi, oiigmally assumed to be benign, on the 
basis of the sections then taken 

The gieat majoiit}^ of the adenomata wnth blood v'^essel invasion are of 
the embiyonal or fetal type This type of mv’asion occui ring in the simple, 
the colloid, and the Huithle cell adenoma is piactically unknown 

In any discussion of the adenomata with blood vessel invasion, it is im- 
portant to point out that this is not the only foim of malignancy wdnch may 
develop in an adenoma In fact, almost any type of thyioid malignancy may 
appear on the basis of a pieexisting adenoma, and, as has been known for 
yeais, 8o to 90 per cent of all thyioid tumoi s aiise from pieexisting adeno- 
mata Theiefoie, there is sound pathologic and clinical evidence for the 
prophylactic lemoval of any isolated nodule of the thyioid gland which either 
IS or simulates an adenoma 

The malignant foims of papilhfeious tumors of the thyioid and those of 
abeirant thyroid origin*’ may be discussed together Theie is but little 
essential diffeience in the behavior of the two groups In reviewing the 
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older thyioid liteiatuie, it becomes obvious that legions of secondaiy hyper- 
plasia with papillaiy pi ejections in nodulai goiteis, as well as other changes, 
have been mistaken foi tiiie papillifeious tnmois of thyioid oiigin 

Fust lecogmzed by Wolflei,““’ who desciibed both solid and cystic forms 
of papillifeious tumois, theie was much confusion in the gioup until differen- 
tiated by Giaham The pecuhai clinical behavioi of these tumois with their 
maiked tendenc}’- to lepeated local lecuiiences and failuie to metastasize dis- 
tantly was hi ought out cleaily by Low Wegelin,--^ in his excellent discus- 
sion of the thyioid gland m Henke-Lubai sch, lecognizes the existence of the 
solid and cystic foim and lecogmzes also that papillary piolifeiations of the 
nonneoplastic type may occui in othei enlaigements of the thyioid 

Giaham classified the malignant papillifeious tumois into the papilliferous 



Tig 7 — PapilHrj c>stTdenonn iliiistntinp: nnrkecl papillnij formation 
and tendencj to de\clop (.jsts Note iimsioii of the iientlnioid tissue 

(X50) 


cystadenocai cinoma of local malignanc}'-, the malignant adenoma with papil- 
liferous differentiation, 111 which distant metastasis may occui, and a foim 
of papillifeious adenocarcinoma aiismg independently fiom any pieexisting 
adenoma 

The classification of the papillifeious tumois has been fuithei clarified 
by Moritz and Bayless^® who distinguished five foims of papillifeious tumois 
(i) The papillifeious cystadenoma, a benign tumor which lepiesents hyper- 
plasia of the lining epithelium of a cystic adenoma, (2) the papillifeious 
adenoma, which lepiesents epithelial piolifeiation of an hyperplastic type 
within the follicles of a preexisting adenoma, and is nonmahgnant, (3) the 
papillifeious carcinoid, which is diffeientiated by these authois, piobably mis- 
takenly called “papillifeious cystadenomata” by earlier wiiteis, which lepre- 
sents focal papillary hypeiplasia, nonencapsulated m a nonneoplastic thyioid 
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gland, (4) the papilhferous adenocai cinoma ansing fiom malignant change 
m a papilhferous c)fstadenoma, which shows capsulai invasion or metastasis 
to legional lymph nodes, and (5) the papillifei ous malignant adenoma, which 
shows a papillaiy mtia-acinai hyperplasia in an adenoma with malignant 
chai actenstics, 7 e , blood vessel invasion, capsular invasion, and sometimes 
metastasis to legional lymph nodes 

We include m the piesent paper only the last two types, and we place 
the last t3^pe — the papilhferous malignant adenoma — in the same clinical group 
with the malignant adenomata with blood vessel invasion, rathei than with 
the tiue malignant papilhferous adenocai cinomata Because of this difference 
m clinical hehavioi from the true adenocai cinomata showing some tendency 
to papillaiy foimation, we have pieferied to utilize foi this gioup the term 
papillary cystadenoma, malignant (Fig 7) Sometimes theie is no extension 
be3'ond the primaiy tumoi which shows gioss 01 micioscopic evidence of 
mahgnanc3'^ when explored, but at other times the malignancy is apparent 
because of either lymph node metastases or because of extensive piohferation 
with tiacheal constiiction 

The adenocai cinomata of the th3noid we legaid as of model ate malignancy 
and place in our clinical Gioup II These adenocai cinomata almost invariably 
arise from pieexistmg adenomata The3'^ diffei fiom adenomata m that they 
develop a less differentiated type of giowth, with gi eater vaiiation of cell size 
and shape, much gi eater mitotic activity, and a maiked degree of invasive- 
ness of suiioundmg tissue Usuall3'', the development of the adenocarcinoma 
has destroyed all tiace of the pieexistmg adenoma and this original nidus 
can he recognized only fiom the histoiy given by the patient 
We divide the adenocai cinomata into thiee histologic gioups 
Fust, the papillaiy adenocai cinoma This differs fiom the papillary C3'sta- 
denoma b3^ its gieatei anaplasia and by its lack of encapsulation The papil- 
lai3’^ adenocarcinoma fieel3^ invades both the th3Toid and adjacent normal 
tissue (Fig 8) The epithelium is A'anable in size and shape, but generally 
pol3diedial or cuboidal, with faiily well-defined cell boundaries The papillaiy 
piojections are not coA^eied with a single layer of epithelium as 111 the case 
of the papillaiy C3fStadenoma, but lathei the epithelium is heaped up seveial 
cells 111 thickness , hei e and there masses of cells occur without any lumina 
whatevei , mitotic figuies aie moderatel3' fiequent and some vaiiation in cell 
size IS piomment However, definite lumina formed by the tumoi may show 
the foimation of colloid 

The second t3qie of adenocai cinoma shows no papillai3f piojections and is 
made up of masses and stiands of epithelial cells, usuallj’^ cuboidal to polj'^- 
hedial, arianged in a stioma Avhich maj' be either scant or faiily abundant 
Heie and theie m the clusteis definite acini foim and these rarely contain 
colloid (Fig 9) Not infrequentlj'^ the mitotic figuies maj' be definitelj’- ab- 
noimal, with multiple spindles and maiked A^ariation in chromosomal number 
The third type of adenocarcinoma is the raiest, the Hurthle cell adeno- 
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Fig 10 


Fig S — P-ipiiiarj adenocircmonn sltowitig destruction of the llnroid ^nd in\ision of 
idjacent tissue (X48) 

Fig 9 — A.denocirctnonn showing pohhednl cells md slight tendenc> to nl\eolar airange 
nient ( x 300) 

Fig 10— Hurthle cel! adenocaicinoma wnth large, clear, acidophilic cells (X300) 
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caicinoma Heie, the same laige, cleai, acidophilic cells piedommate as are 
seen in the Hnithle cell adenoma, but then aiiangement is niegiilai, small 

Fig 1 1 
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Fig 12 Fig 13 

Fig II — Circiiioma simplex of compact tjpe Note the blood \essel iimsion (X48) 

Fig 12 — Carcitionn simplex of the diflFuse tjpe showing rescnibHiice to Hnshinioto struma 
Fig 13 — Caiciiioma simplex of the diffuse tape demonstrating epithelial cells and irregular 
arrangement (X750) 

and laige masses alternating ^\ith vaiying degiees of lumen foimation (Fig 
10) Usuall} colloid IS not piesent Theie is definite invasion of adjacent 
thyioid tissue and suiiounding structuies Mitoses aie model ate m number, 
usuall)! only one oi two pei high power field We believe this to be a true 
thyroid tumor, and not of paiath)ioid oiigin, as has been suggested 
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The highly malignant caicmomata of Gioup III represent a heteio- 
geneous group fiom the histologic standpoint 

The small cell caicmomata, oi caicmoma simplex, occur m two forms m 
the thyioid The fiist is the compact type, m which theie aie solid masses, 
strands and coids of lathei small, cuboidal to polyhedial, deeply staining cells 
with hyperchi omatic nuclei, wnth a shaiply defined distinction between the 
tumor cells and then stioma (Fig ii) The mitotic figuies aie faiily fie- 
quent, langmg iiom one to five ])ei high powei field Invasion of suiiound- 
ing stiuctuies is maiked 

In the diffuse foim of caicmoma simplex of small cell type, \ve have a 
much moie complicated pictuie Heie, at fiist glance, the tissue might be 
taken foi chionic thyioiditis, paiticulaily the Hashimoto type, at othei times, 
the lesemblance to lymphoma is maiked (Fig 12) Howe\ei, on caieful 
examination, one sees that the cells of the tumoi aie made up of small, lather 
11 1 egular epithelial cells w ith a vei y small amount of cytoplasm and a rather 
small hypei chi omatic nucleus (Fig 13) Mitoses aie lathei mfiequent 
The tumoi cells aie scatteied iiiegulaily and diffusely thiough a lathei dense, 
fibrous stroma, which has leplaced much of the noimal thyioid structuie and 
extended out into the adjacent noimal tissue Theie aie scatteied lympho- 
cytes and mononucleai leukocytes mfiltiating the stioma as w'ell The clue 
to the tiue natuie of the tumoi is usually pointed out by small clusters of 
closely adjacent epithelial cells occasionally taking a pseudo-acinai foim 
The giant cell caicmoma,-- sometimes called caicinosaicoma 01 even fibio- 
saicoma, has a veiy chaiaclenstic micioscopic pictuie and a chai actei istic 
histoiy These tumoi s usually occui m females ovei 50 yeais of age, and 
show^ rapid growth aiising fiom a pievious long-standing adenoma Giossly, 
they aie fleshy, homogeneous, and wndely mfiltiating (Fig 14) Then ap- 
pearance mici oscopically is bizaiie m the extieme (Fig 15) All types of 
11 regular tumoi giant cells with huge, lobulated, often vacuolated nuclei, 
multiple nuclei, irregtilai mitoses are mixed indisci iminately with smallei 
clusteis of fanly w^ell-defined epithelial cells and some stiomal fibi oblasts 
Few tumoi s have a more staithng micioscopic appeal ance than do these 
Epidermoid carcinoma of the thyroid is one of the laiest tumoi s This 
has two possible sources of oiigin thyioglossal duct lemnants on the one 
hand, and metaplasia of thyioid epithelium on the othei In the instances 
w^e have seen, it has been piactically impossible to tell fiom which souice 
these tumoi s aiose 

Tiue fibiosaicoma may aiise fiom the stioma of the thyioid gland, al- 
though it IS extiaordmaiily laie-® The gieat majoiity of the cases of fibro- 
sarcoma 01 of caicinosaicoma aie the gamt cell carcinomata wdnch we do not 
1 egard as being of mesenchymal natui e The only ci iterion on wdnch w^e are 
walling to accept the fibiosaicoma of the thyroid is that of a typical sarcoma 
arising within the substance of the thyioid, the cells of wdnch show definite 
collagen or fibroglial fibrils (Fig 16) 
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Tiue l)'mphoma of the thyioid imy occui (Fig 17) and this must be 
distinguished fiom the caicinoina simples; of diffuse type It must also be 
distinguished from the struma lymphomatosum of Hashimoto The criteria 
for lymphoma here aie the same as those elsewheie Almost always, how- 
evei, thyroid involvement is secondaiy to tumor elsewhere The occunence 
of definitely abnoimal lymphoblastic cells arranged without legard to the 
anatomic confoimation of the tissue infiltiated on the one hand and without 


Tig 14 Tjc 15 



Tic 16 Fig 17 


Fig 14 — Gnnt cell cnicmonn diowing fleshj ippennjice nnd infiltiating elm icter 
Fig 15 — Gnnt cell carcinonn note tlit large bizarre giant cells and irregulanta of arrange 
nient ( X 300) 

Fig 36 — Fibrosarcoma shoeing tapical fibroblastic ceils aaitli abundant formation of collagen 
(Xa^o) 

Fic 17 — Lamphonn of the tbaioid Cross section of the thjroid and trachea slioaving diffuse 
infiltration of tissues bj Ijmplioma cells 


legaid to the foimation of typical lymph nodulai structures on the other 
hand is chaiacteiistic While infiltration may be extensive in the struma 
lymphomatosum ot Hashimoto, there is practically always clear-cut secondary 
follicle foimation The lymphocytes are normal in appearance and they infil- 
trate between the acini in orderly mannei 
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We have also seen Hodgkin’s disease of the thyioid, which has exactly 
the same appeal ance and behavioi as it has elsewhere 

RadwUon Tieatment — The fiist lepoit of the value of ladiation therapy 
was by Pfahler,-^ of Philadelphia, who leported a case in which operation 
was pel formed thiee times foi carcinoma of the thyioid The patient lived 
two yeais aftei beginning treatment and died of metastasis to the cervical 
spine There was no evidence of local disease at the time of death Pfahler 
repoited another patient living and well three years following radiation ther- 
apy after partial excision and confiimation by histologic study 

In 1922, James Case’ repoited a case of thyroid malignancy in which 
histologic evidence of malignancy was made at opeiation m 1914 Radiation 
treatment was staited soon aftei suigical proceduie and in 1922, eight yeais 
later, the patient was alive and well without e\idence of lecuiience 

Haagensen^'’ was the fiist to repoit the value of ladiation theiapy and to 
coi relate it with the vaiious histologic types, using the histologic classifica- 
tion suggested by Ewing 

Various studies have been made upon the fiequency of malignancy m 
clinically nddulai goiteis The incidence of malignancy, as reported by Bal- 
foiir’^ 111 1918, was I 6 per cent m 6,359 cases of nonexophthahnic goiter at 
the Mayo Clinic In J H Means’^® monogiaph on the thyroid, he men- 
tioned that caicinoma i\as pioved to be present in 32 per cent of clinically 
iiodulai goiters 

In 1937, Murphy and Ahiiquist-® demoiisti ated that pi ohferation may take 
place in multiple colloid adenomatous goiters forming nodules and classed as 
tetal adenomata 

Radiation treatment of caicmoma of the thyioid has been employed since 
1914 and var3nng lepoits m the hteiature give evidence of its \alue, although 
there aie seveial instances of model ately large senes of cases m which ladia- 
tion therapy has been employed and no beneficial effects were obtained It is 
to be noted that during the first years of treatment ladiation was given 
meiely as a palliative measuie to control the disease symptomatically for as 
long as possible During this tune the pathologic classification was satisfac- 
torily developed, as was the surgical tieatment, and to-day we aie m a posi- 
tion to judge the pathologic type of thyroid cancer which will respond to 
radiation therapy It is not only with a palliative intent that we now start 
tieatment but with the desiie to bring about five- and even ten-yeai cures 
of this disease which heietofore has been piactically impossible in the moie 
sevei e types of thyroid malignancy 

It will be noted fiom the pathologic classification given in this paper that 
thyroid tuinoi s must be divided into two types, namely, benign and malignant 
We are not interested m the benign type since such tumors are handled 
satisfactorily suigically, and no ladiation tieatment is indicated Radiation 
therapy foi the benign types of thyioid tuinoi is coiitiamdicated It is on 
the malignant gioup that radiologists must center then attention and realize 
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theie aie several clegiees of mahgnanc)'' with which they must deal We 
know that the tumois falling into Group I are of low or potential malignancy, 
and m many of the cases temporary if not peimanent cure can be obtained 
by surgeiy alone It has been oui experience, however, in the advanced cases, 
m which radical operation cannot be perfoimed, that many of these tumors 
decrease in size and some disappear following moderate amounts of radiation 
treatment, and m those cases m which lecuiience took place after operation 
radiation theiapy was of distinct value in controlling the disease over a period 
of years It seems necessary to us m each case of thyroid cancer to give 
ladiation theiapy, even though the tumoi is of low and potential malignancy 
We believe the lesults leported m this paper will beai out the necessity of 
ladiation treatment to obtain a high peicentage of cuies 

In the tumois of Group II and Gioup III, which are of moderate and 
high malignancy respectively, only a few will respond favorably to operation 
alone and V/e now know that most of the good lesults with radiation come 
when as much of the tumor has been lemoved surgically as possible The 
end-1 esults depend upon ladiation theiapy being given in large, protracted 
doses to destroy the tumoi completely Our expeiience with some types 
of tumor m the high malignancy group has been small, namely, the giant cell 
caicinoma and the epidermoid caicmoma It has been impossible to deter- 
mine the lethal tumoi dose of ladiation necessaiy to destroy these tumois, 
but m no case has a satisfactoiy lesult been obtained even when radiation 
was used as a palliative pioceduie We believe from the few cases of this 
type which we have seen that it \\ill be impossible to destioy giant cell or 
epidermoid carcinoma without destioymg noimal siirioundmg tissue 

In the moderately malignant gioup, namely, the papillary adenocarcino- 
mata, the alveolai adenocai cmomata, and the Huithle cell carcinomata, it is 
of interest to note that piioi to 1932 operation plus radiation treatment was 
of practically no value except in isolated cases The 1 esults m this group 
of cases show that the improvement is now brought about by the larger doses 
of roentgen rays given postoperatively 

We start radiation treatment as soon aftei the suigical operation as the 
condition of the patient Man ants, which is usually within one week There 
need be no fear of the wound failing to heal liy giving radiation theiapy after 
five days A large peicentage of the patients here reported have been treated 
by a routine method in 01 der to detei mine the lethal tumoi dose of the various 
types of malignant cells We have learned the amount of ladiation neces- 
sary to destroy those tumors ivhich can be successfully tieated by radiation 
A cross-fire method of radiation has been found to be preferable in this 
type of lesion One treatment is gwen daily to each of three portals, using 
one portal on each side of the neck and one m the midlme, being careful not 
to overlap the fields but centering the lays so that the largest percentage of 
the radiation Mill enter the tumor bed The size of the poital depends on 
the size of the original groM'th and the degree of substernal extension M'hich 
the tumor has attained We have usually been able to use a 7 cm square 
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poital on each sAe of the neck and in the midline without overlapping the 
field, and in this way have coveied the entiie tumor bed A total of 2,000 r 
units IS given to each poital, to make a total dose of 6,000 r units delivered 
to the skin duinig one series of tieatments Each portal is tieated daily aftei 
the first thiee tieatments, giving 150 1 units to each, making a total of 450 
1 units daily If the patient is debilitated it is necessaiy to deciease the dose 
to 100 1 units to each poital daily A total of 6,000 r units given externally 
on the surface gives a dose of appi oximately 4,800 1 units 2 cm beneath the 
skin area, which we believe is fan to assume as the total depth dosage, al- 
though no diiect measuiements have been made m oui cases The following 
factors have been used 

K V P 200, milbampeies 20, r units per minute 24 

Filtei I Mm copper, r Mm of aluminum added 

Distance 50 cm , poi tal 7 sq cm , half value layer on 

Treatments aie earned on daily except Sunday unless complications aiise 

Comphcations of Radiation Tieatment — The most common complica- 
tion of radiation treatment is ladiation sickness which is quite common 
when large amounts aie administeied Radiation sickness may come on im- 
mediately following the tieatment or two to six houis latei The symptoms 
are nausea and vomiting, associated uith a geneiahzed feeling of unrest and 
irritability We have tiied iiumeious medications to contiol ladiation sick- 
ness but for the most pait none of them has been successful, although in a 
few cases striking lesults have been obtained by the use of vitamin m 
large doses This is not a seiious complication as it usually cleais within 72 
hours after ladiation has been completed 

The most impoitant complication following ladiation tieatment is radia- 
tion dermatitis which may m some cases be quite seveie and lequne six to 
eight weeks to heal entiiely Radiation deimatitis will occui with this dosage 
in approximately seven to ten days follouing tieatment Laryngitis and 
tracheitis as well may develop but disappeai m nine to ten weeks’ time 

We have had no fatal lesults from radiation tieatment alone, but several 
of our patients have had to be hospitalized owing to difficulty in swallowing 
following ti eatment 

Results — In tabulating the results of this senes of cases it was necessaiy 
to review the entire gioup of cases of thyioid cancels which have been studied 
m the clinic from a clinical and pathologic angle 111 oidei to reclassify these 
tumors propel ly In so doing, all questionable cases of malignancy were 
discarded and the tabulation of our lesults vanes fiom that pieviously re- 
ported We believe by so studying these cases we have been able to correlate 
successfully the clinical, pathologic and radiologic pictures of this disease 

SUMMARY 

The relationship of malignancy to pieexisting adenomata of the thyioid 
gland IS discussed 
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Illustrative cases demonstiating the penalty of delay in the removal of 
discrete adenomata are piesented 

The clinical diagnosis of malignancy of the thyroid is discussed, together 
with the diagnosis, management, and dangeis of malignant degeneration in 
lateial aberiant thyioid 

The surgical appioach to malignancy of the thyioid gland combined with 
roentgenothei apy is discussed and the method of radically removing one or 
both lobes of the thyioid, with the stei nomastoid muscle and internal jugular 
vein IS discussed and illustrated 

Mention is made of the conti amdications for undertaking operation and 
the contraindications for continuing operation after it has once been under- 
taken 

The pathology of thyioid malignancy, together with a grouping, is pre- 
sented 

The ladiation tieatment of thyroid malignancy and the fiA e-year survival 
rates following combined ladiation and surgical treatment are presented 
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Until compai atively lecently the pathogenesis of both cholecystitis and 
cholelithiasis was ascribed solely to infection Since, however, there were 
several clinical and pathologic featuies about the disease which were incon- 
sistent with this hypothesis, investigation was stimulated From the studies 
theie have accumulated many excellent clinical and expeiimental data which 
not only minimize fuither the importance of infection but establish, rather defi- 
nitely, ceitam other pathogenic factors 

There has accumulated a preponderance of evidence to indicate that biliary 
stasis IS a very constant and, theiefoie, basic factoi, but there is also good 
evidence that stagnation of bile does not in itself cause permanent pathologic 
changes in the gallbladdei Such changes are, m all likelihood, dependent upon 
othei agents vhich either accompany stasis or result indirectly from it 

It has been demonstiated repeatedly that the wall of the gallbladder be- 
comes edematous or inflamed from several factors, among which may be 
mentioned abnormal changes in the chemistry of the bile, particularly as these 
relate to alteiations in its hydiogen ion concentiation, the presence of pancre- 
atic enzymes in the bile, and ovei distention of the viscus It has also been 
demonstiated lepeatedly that when the gallbladder wall is edematous or in- 
flamed Its selectivity in its absoiptive and secietoiy capacity becomes altered 
Likewise, the damaged wall becomes more vulnerable to infection Thus, an 
abnoimality in the constituency of bile due to stasis, bepatic damage, the pres- 
ence of pancreatic feiments or othei factors, may cause pathologic changes 
m the wall of the gallbladder and, m turn, these changes alter fuither the 
chemistry of the contained bile and upset the balance b}'- which certain of its 
constituents are held in solution This lesults in their precipitation and the 
formation of stones For example, it has been shown that when the bile salt- 
cholesterol latio falls below a critical level, cholesterol cr3'stals appear in the 
bile 

Detailed accounts of these facts and othei related clinical and experimental 
observations are recorded in the reports of the excellent studies of Rous, 
McMaster and Drury, Ivy and Walsh , Mann, Fostei and Bnmhall, Andrews, 
Schoenheimer, Hidina, Dostal and Aronsohn, Elman and Graham, Phemis- 
ter, Aronsohn, Pepmsk)^, Day and Hastings, Ravdm, Johnston, Austin, Riegel 
and Rose, Dolkart, Jones, and Biown, Doubilet and Colp, Coopei and Il- 
lingworth, Whitaker, Feldman, Morrison, Krantz and Carr, Walters, Greene 
and Fredrickson , and Wolfer 

* Read before the American Surgical Association, St Louis, Maj i, 2, 3, 1940 
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In an excellent piece of woik, Wolfer has presented evidence which sug- 
gests that, under ceitain circumstances, pancreatic juice in man could and 
unquestionably does pass by reflux into the gallbladdei He, among otheis, 
quoted by him, has shown that the instillation of unfiltered pancreatic juice 
into the gallbladdei of animals is followed by pathologic changes which vary 
from edema to complete necrosis of the wall The same lesults weie pioduced 
by instillations into the common duct This subject of pancreatic reflux has 



Fig I — Postoperative cViolangiogram Iodized oil injected through 
a catheter in the common duct filled not oiilj the much dilated biliarv 
ducts but also the duct of Wirsung There is a filling defect at the 
ampulla of Vater presumabl> from a stone impacted in it None of 
the radiopaque solution entered the duodenum The common passage 
uaj between the common duct and the duct of Wirsung is well demon 
strated m addition to the obstruction and stasis and dilatation of the 
ducts resulting from it (Courtesy of Dr R R Best ) 

been discussed at length by Wolfei so only a few salient facts will be pre- 
sented heie It IS a pertinent fact that the pancreatic duct joins the common 
duct or shares with it a common opening at the ampulla of Vater in a large 
percentage of people Mann and Giordano found this lelationship in 45 per 
cent of the specimens which they studied, while Cameion and Noble, West- 
phal, and Elman found it to exist in 65, 84 and 59 per cent, respectively 
With an obstruction at the ampulla, as shown in Figure i, this continuous 
passageway between the ducts permits pancreatic secretions to mix with the 
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bile in the common duct and with it pass into the gallbladdei Reflux of this 
sort unquestionably takes place in the presence of obstruction and therefore 
m conjunction with stasis It is possible that it occurs m the absence of 
obstuiction and stasis That panel eatic secretions do entei the gallbladder m 
man has been shown lepeatedly by demonstrating the presence of panci eatic 
enzymes in the gallbladder bile m cases with acute cholecystitis 

Oui inteiest in the subject of panci eatic reflux was aroused by observa- 
tions made upon a patient who died fiom total loss of bile and pancreatic 
secietions thiough a cholecystocutaneoiis sinus 

Case Report — A male, age 38, had, when seen bv his surgeon, a typical clinical 
picture of acute cholecystitis of 12 hours’ duration There had been two previous similai 
attacks of pain within the past three months A mild degree of jaundice which had fol- 
lowed the second episode had persisted up to the onset of the present one 

He was operated upon immediately, and a moderately distended, thick-walled, 
markedly edematous and inflamed gallbladder was found amid a few' fibrinous adhesions 
and a small amount of bile stained fluid The gallbladder contained no stones A cboleif^ s- 
tostomy was performed , 

Immediately follow'ing operation and continuing until his death 12 da^s later, there 
w'as a verj copious and almost continuous drainage of clear or slightlj bile tinged fluid 
It diained through the tube for 48 hours and thereafter from the w'ound 

He was seen in consultation by one of us (J D B ) on the sixth day after opera- 
tion The wound in the abdominal w'all w'as wide open and its surfaces fierj led Copious 
quantities of clear fluid w'elled up 111 the w'ound almost constantly The skin of the 
abdominal wall for a wide area about the wound was fieri red and showed considerable 
digestion 

The patient w'as extremely dehydrated despite the parenteral administration of two 
to four liters of fluids daily The e\es and cheeks w’ere sunken, the pulse thin, its rate 
120 to 140, the blood pressure 80/40, the rectal temperature 962° to 98° F, and there 
W'as extreme asthenia Blood chlorides were 210, sodium 205, and postassuim 25 

With restoration of a more nearlj normal fluid and mineral balance by increasing 
intake, the temperature, pulse, blood pressure, and urinary output assumed fairh normal 
levels and the general appearance improved remarkablj for a few' days 

From a first impression a diagnosis of duodenal fistula (probably originating from 
a surgical accident) w'as entertained How'ever, aniline dyes and charcoal, given b\ mouth, 
did not appear 111 the fluid draining from the wound and could not be demonstrated in it 
But the d>es subsequently appeared in the stools Lipiodol, injected through a catheter 
which had been passed for some distance into the sinus tract, filled the extrahepatic ducts 
down to the ampulla W'here a small quantitj entered the pancreatic duct None entered 
the duodenum 

The drainage fluid contained both amylase and trvpsin m the two samples examined 
A postmortem examination could not be obtained However, from the evidence, there 
can be little doubt that there existed a complete obstruction at the ampulla, and, as a 
result pancreatic secretions passed up the common and cystic ducts and through the gall- 
bladder to be discharged through the sinus 

Wq ha^e subsequently operated upon two cases w'lth acute nonperfoi ated 
gangrenous cholecystitis w'lth regional bile peritonitis Cultuies from the 
abdominal fluid, from the bile, and from the wall of the gallbladder in both 
eases weie sterile But the gallbladder bile in both cases contained both 
amylase and trypsin The peritoneal fluid was not examined foi enzymes 
Colp, Geibei, and Doubilet have leported thiee similat cases Two had bile 
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peritonitis and steiile gallbladdei bile In one, the bile contained B coli and 
B Ficidlandc) In all of them, the gallbladder bile contained pancieatic 

enzymes 

Mail) of the current opinions legardmg the pathogenesis of gallbladder 
disease aie based upon obsenations made upon laboiatoi) animals iihich 
seldom, if evei. de\elop the disease There aie, howevei, certain domestic 
animals— cattle, sheep and goats— w Inch fiequently deielop gallbladder dis- 
ease Yet the problem as it exists in these animals has leceived little oi no 
attention Nor ha\e these animals been utilized foi purposes of investigating 
the problems of gallbladdei disease W'lth these thoughts in mind, seveial 
Mbits weie made to a local packing house and some mteiesting facts were 
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Fig 2 — Diagrammatic illustration of the anatomic arrangement of the common hepatic and 
pancreatic ducts in man and in the common laboratori and domestic animals (taken from Mann 
Foster and Bnnihali) (X ) Animals nhicli bare no gallbladder Ducts (C ) Common hepatic, (C\ ) 
Castle, (\\ ) Wirsung (S ) Santonin 

clitained Gallbladder disease occuis infrequently in swine, commonl) in 
sheep and goats, and less commonl) m cattle It occui s principally in the form 
of stones, and almost entire!) in the older animals The stones, with few 
exceptions, aie of one type, i c , bile pigment In most instances, the gallblad- 
der containing the stones is normal in gross appearance 

In sheep, howevei, chronic cholecystitis, with or \Mthout stones, occuis 
not infrequently, and curiously enough the liver and bile ducts of animals m 
which there is cholecystitis usually show cMclence of active or past infestation 
with li\er flukes Since these paiasites aie large, it would appeal that they 
might readily produce a tempoiary obstiuction of the common bile duct as 
the) ascend it This possibility should be borne m mmd in connection with 
the anatomic arrangement of the ducts as shown m Fignie 2, and the experi- 
mental observations which follow 

EXPERIMENTAL STUDIES 

As stated abo^e, all previous nn estigations of gallbladdei disease liave 
been cained out m animals which, undei normal cncnmstances larely, if 
e\er, develop the disease Fuitbeimore, the expeiimental pioceduies wFich 
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have been employed to study various phases of the pioblem have had to mtio- 
duce, as a matter of necessity, certain unphysiologic and undesnable factois 

Goats weie used in oui evperiments because the leaction of their gall- 
bladdei bile dilfeis little from that of human, because they noimally develop 
gallstones and cholecystitis with a fair degree of fiequency, and because the 
anatomic aiiangement of then duct system is lemarkably well adapted to the 
pm poses of this study 

In a seaich for infoimation legarding compaiative mammalian anatomy 
of the hepatic duct system, the lepoit of the obseivations of Mann, Fostei 
and Biimhall was found These obseivations are illustiated in Figuie 2 It 



Fig 3 — Dngnmnntic illustration slioning the method of indiicing temporar> obstruction of the 
common duct The duct encircled with i loop of dermal suture which wav threaded through a 
glass tube with the ends of the loop tied o\er a button which capped the exteriorized end of the tube 
ihe obstructions weie released b\ cutting the exposed ends of the loop and remoaing it with the tube 
Obstructions aboie the duct of \\ irsung (W ) induced stasis onh , below it, stasis plus the reflux of 
pancreatic secretions fV ) Ampulla of Vater (G B ) Gallbladder 

Will be observed that m both goats and sheep the panci eatic duct empties into 
the common bile duct at a consideiable distance pioxnnal to the juncture of 
the common duct with the duodenum and seveial millimeters distal to the 
junctuie of the common and cystic ducts Thus, noimally, panci eatic juice 
mixes with bile in the pioximal end of the common duct It occuried to us 
that m the event of an obstiuction at the distal end of the common duct, not 
only would stasis be pioduced but also an opportunity would be affoided foi 
the leflux of pancreatic secietions into the gallbladdei and of bile into the 
panel eas On the other hand, an obstiuction of the common duct immediately 
pioximal to the panci eatic duct and yet distal to the cystic duct would result 
in biliary stasis alone If we assume that stasis and reflux m man aie bi ought 
about by an obstiuction at the ampulla of Vater, then w'e have, m man, a 
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Situation closely simulating that produced in oui expei imeiits, by the simple 
expedient of temporarily or permanently occluding the ducts By obstiuctmg 
the common duct at the two levels (above and below the panel eatic duct) an 
oppoitumty was affoided foi a compaiison of the effect upon the gallbladder 
of stasis alone with) that of stasis plus the leflux of pancreatic secretions 
The common duct was obstiucted by two methods In one gioup of goats, 
the obstiuctions were made peimanent with hgatuies of silk In the othei 
group, tempoiaiy obstiuctions weie cieated by means of plain catgut liga- 
tui es 111 two goats and by a special metbod m the i emammg ones This method 
consisted of passing a loop of dermal suture mateiial aiotind the common 
duct The ends of the loop weie threaded thiough a glass tube and tied over 
a button which capped the outer end of the tube This tube was long enough 
to extend fiom the common duct out of the abdomen and beyond the suiface 
of the skin Obstiuctions weie maintained foi peiiods varying fiom 24 houis 
to SIX days They weie leleased by cutting the exterioiized ends of the loop 
and lemoving it with the tube (Fig 3) 

PROTOCOLS or EXPERIMENTS 
Classified Rcfioit of htdi'ndual Animals 
Group i — Pumaiicnt Obstiuctiou Distal to Junctinc of Pancicatic Duct 

Goat No 4 — Approx age one month Diagnosis Acute nonperfontecl gangrenous cholecystitis 
^\lth bile peritonitis and acute pancreatitis with local fat necroses 

The common duct was obstructed b> permanent ligature distal to the entr nice of the pancreatic 
duct The animal was killed when moiibund, tlnee days latei 

Gloss Pathology — Tissues of the abdominal wall and peritoneal cavity were bile stained The 
abdomen contained sereral ounces of bile starned fluid, but theie weie no adhesions The gallbladder was 
enormously distended but intact and its surface was dull and deeply stained It contained thick dark 
brown fluid, turbid with chunks of reddish brown and black friable material The fluids from the 
peritoneal ca\it\ and gallbladder w'ere sterile on culture, and both contained amylase (activity of 20 
and 100, respectively) The gallbladder fluid also contained trypsin (actnity of 1 2) and occult blood 
The extrahepatic ducts were moderately dilated above the ligature The pancreas was enlaiged, tense, 
and studded with reddish brown areas, and the surrounding tissues showed fat necrosis Proximal to 
the ligature all extrahepatic ducts were greath dilated The Iner was pale, enlaiged and its edges 
rounded The regional lymph nodes were enlarged 

Mictoscofiic Pindinqs — Gallbladder The epithelium was gone except for minute scattered rem 
Hants in the depths, and there was edema of all layers but principally of the serosa and all tissues were 
partially necrotic There was no cellular infiltration Pancieas The ducts were dilated and many con 
tamed bile Throughout there were areas of fat necrosis and digestion of the acinar tissue Liver There 
was much bile pigment and some congestion Kidneys Normal 

Goat No s — Approx age, one month Diagnosis Acute cholecystitis, early acute pancreatitis and 
early multiple li\er abscesses Pneumonia 

The common duct was obstructed by permanent ligature distal to the entrance of the pancreatic 
duct Death occurred 22 hours later There was bronchopneumonia of both lungs 

Gloss Patlioloay — The gallbladder was free from adhesions and nioderatelv distended, and the 
extrahepatic ducts were moderately dilated abo\e the ligature The gallbladder fluid was thick, brown, 
and contained reddish brown soft masses Cultuies of the fluid were negative Pancreas was enlarged 
and tense, and on its surface were scattered red areas The liver was enlarged and slightly mottled 
There was regional lymphadenopathy 

Microscopic Pindiiigs — Gallbladder The surface was devoid of epithelium except in the depths 
of the folds There was moderate edema of the wall, mainly of the serosa and some pigment in the 
submucosa, but nowhere any cellular infiltration Common duct Changes were essentially the same 
as those of the gallbladder except that the tissues were partially necrotic Pancreas Scattered areas of 
digestion and necrosis but no infiltration of leukocytes Liver A few areas of necrosis with and without 
collections of polymorphonuclear cells Kidneys Normal 

Goat No 7 — Approx age, one month Diagnosis Acute noiiperforated gangrenous cholecystitis 
with bile peritonitis, early acute pancreatitis and multiple earlv liver abscesses 

The common duct was ligated distal to the entrance of the pancreatic duct Death occurred 20 
hours later 
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Pancreas and kidne>s Normal Lner Some latt> degeneration and a few interstitial pohmorphonu 
clear leukocjtes 

Goat No 2 — Approx age, 14 months Dwnnosts Acute nonperfoiated gangrenous cholecjstitis 
with local bile peritonitis 

The common duct was ligated distal to the entrance of the pancreatic duct Twenta six hours later, 
the animal was moribund and, therefore was killed 

Gloss Pathology — The peritoneal ca\it\ contained about foiii ounces of bile stained fluid The pen 
toneal surfaces were inflamed The gallbladder was nioderatel} distended and dull in appearance It 
contained thin greenish brown fluid in which there were manj small friable brown masses The fluid 
was sterile to culture, and contained both tripsin (actiiity of 24) and amjlase (actiiitj of 180) The 
extrahepatic ducts were moderatelj distended aboie the ligature 

Micioscopic ruidinqs — Gallbladder The wall was thin and almost entirelj necrotic There was 
no cellular infiltration and oiilj slight edema Pancreis Essentially norm il Luei and kidne>s 
Essentialh norma! 

Gkoi/P II — Tcmpoiat y Obsfniclion Distal to Juintuic of Pauci cafic Duct 

In some of the kids listed under permanent obstructions, temporari obstructions were intended but 
faded because the animals died too soon 

Goat No 14 — Approx age four months Diagnosis Acute nonperforated cholecistitis and acute 
pancreatitis with peritonitis 

The common duct was obstructed temporanlj with a ligature of plain catgut distal to the juncture 
of the pancreatic duct De ith occurred 19 da>s later 

Gloss Pathology — The tissues of the abdominal wall were bile stained The abdomen contained 
approximate!} 800 cc of bile stained fluid The peritoneal surfaces were inflamed The gallbladder was 
enormous!} distended and its walls wideh adherent to neighboiing tissues The wall was intact, moder 
ate!} thickened and its mucous surface smooth with in man} places, hemorrhagic areas The common 
duct was wide!} dilated aboae area of stenosis and its wall thickened It was not patent, the ligature 
had resulted in stenosis The gallbladder bile was greenish brown and contained mam soft brown 
particles It contained both tr}psin (actnit} of 15) and am}lase (activit} of 60) and B colt and 
gramnegatue cocci in both smear and culture The p increas was enlarged firm, and tense 

Microscopic findtngs — Gallbladder The wall was markedl} thickened with edema mainl} in the 
serosa It was also partialh necrotic and contained a few collections of leukoc}tes Bacteria were seen 
m the tissues Pancreas Almost entire!} necrotic Bacteria were seen in the tissues Liver Essen 
tialU normal except for a few small collections of l}mphoc}tes and poh morphonucleai leukoc}tes 

Goat No 16 — Approx age, 14 months Diagnosis Acute gangrenous cholec}Stitis with perforation 
The common duct was ligated with plain catgut as a temporar} ligature distal to the juncture of 
the pancreatic duct The animal began failing 30 da}s later and was autopsied 32 da}S postoperativeU 
Gross Patholog\ — Tlie gallbladder and common duct were distended and were detisel} adherent to 
surrounding tissues which walled off a caxit} containing approximate!) six ounces of bile This fluid 
contained brown friable particles The cavit} communicated with a perforation of the gallbladder The 
gallbl idder bile contained both tr}psin (actisit) of 20) and amylase (activitx of 80), and cultures 
}ielded B coh and gram neg itive cocci 

Both jiancreas and luer appeared to be normal The common duct was almost completel} oc 
chided b} the inflanimator} process around it 

Microscopic Findings — Gallbladder The wall was thickened considerabl} with edema mainly m 
the serosa It w'as parttall} necrotic and the epithelium was gone excejit for fragments in the depths of 
the folds Luer Some fatt} degeneration otherwise normal Pancreas Essentiall} norma! 

Goat No 17 —Approx age, 14 months Diagnosis Chronic cholec} stitis 

The common duct distal to the juncture of the pancreatic duct was obstructed for 48 hours b} 
the temporar} occlusue method 

Gloss and Microscopic Pathology — Pour weeks later, the gallbladder was explored and found 
buried in adhesions Bile was aspirated and found to contain both tr}psin (a trace) and am}las(_ 
(actuit) of 40) red blood cells 40—50, and leukoc}tes 1-15 per HPF Cultures were sterile A 
biopsy was taken from the wall It showed a marked inflanimatory reaction with edema, much leuko 
c}tic infiltr ition a loss of epithelium from the mucosa and some fibrosis 

The animal was killed six months later The gallbladder was normal in size, buried in adhesions, 
opaque and gras ish white in color, with dilated xessets oxer its surface It contained normal bile 
The mucosa was red and h} perjilastic Prom the bile xxas cultured B coh The common duct was 
patent but was enormous!} dilated aboxe the point of temporar} obstruction The regional l}niph nodes 
were enlarged and there was edema of the gallbladder and neighboring tissues 

Microscopic rindings — Gallbladder The wall was thickened with some edtna, some fibrosis and 
exlensne hmj)hoc}tic infiltration The mucous surface was devoid of epithelium except in the depths 
of the folds Connnoii duct Changes similar to those of the gallbl iddtr Pancreas Normal Lix'er 
Normal kidneys Normal 

Goat No 18 — \pprox age, 14 niontlis Diagnosis Chronic choIec}Stitis 

Ihe common duct distal to the juncture of the pancreatic duct was obstructed for 48 hours 
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Gross and Mtaoscopic Patholoay — Essentially the same as those of Goat No 17 From the gall 
bladder bile ivas cultured B coh 

Goat No 19 — Approx age, 14 months Diagnosis Chronic cholecjstitis and cholelithiasis 
The common duct uas obstructed distal to the juncture of the pancreatic duct for 96 hours An 
exploratorj operation t\as performed one month later 

Gross Pathology — The gallbladder was buried in adhesions It was normal in size and the wall 
was edematous, verj thick, opaque and giajish white in color Clear light green bile was aspirated 
It contained both trjpsin (actuitj of 05) and amylase (activitj of 40) From it were cultured B 
snhtilis B coh and gram negative cocci 

The animal was killed six months after operation The gallbladder was buried in dense adhesions 
It was thick, opaque and grajish white in color The common duct was patent but nevertheless, it was 
also enormouslj dilated and its wall thick Both gallbladder and common duct contained normal bile 
and, in addition manv minute bile pigment stones From the bile, B coh was cultured Regional 
Ijmph nodes were large 

Microscopic Findinas — Gallbladder The wall was much thickened There was some edema and 
much fibrosis of all lajers especiallj of the serosa The epithelium was lij perplastic and there were 
many submucosal collections of Ivmphocvtes Common duct Changes same as those of the gallbladder 
Pancreas Normal Liver \ few collections of leiikocjtes and some fattj degeneration Kidneys 
Normal 

Goat No 20 — Approx age 14 months Diagnosis Chronic cholecjstitis and cholelithiasis 
The experimental procedure was identical and the gross ind microscopic findings essentiallj the 
same as those of Goat No 19 Bile aspirated at the exploratory operation one month ifter primary 
operation contained no trjpsin but amjlase (activity of 20) and in culture B siibtitis B coh and 
gram negative and positive cocci Smears contained a few pus cells, civstal and debris Postmortem 
gallbladder bile contained B coh 

Goat No 22 — Approx age six months Diagnosis Acute gangrenous cholecvjstitis 

The common duct distal to the juncture of the pancreatic duct was obstructed for six days The 
animal died two days later and was autojisied immediatelv 

Gloss Pathology — The gallbladder was adherent to neighboring structures and was moderately 
distended The wall was thickened, slightly injected edematous gieen 111 color and had no luster 
Although all extrahepatic ducts were moderately dilated, the common duct was patent The gallbladder 
bile was green but contained both trvpsin (activity of 22) and amylase (activity of 160), and from 
It was cultured B coh Regional lymiih nodes were large No definite cause of death was found 
Microscopic Pindtngs — Gallbladder The wall was thick very edematous and almost entirely 
necrotic except for fibroblasts The epithelium was gone and there was no cellular infiltration 
Sections from the other tissues were lost 

Goat No 24 — Approx age six months Diagnosis Chronic cholecv stitis and cholelithiasis 

The common duct was obstructed for six days distil to the juncture of the pancreatic duct 
Autojisv was pel formed two and one half months later 

Gloss Pathology —The oallhladder was densely idheient to edematous neighhoring structures It 
was normal in size and the wall was milkv green in color thick ind edematous It contained normal 
hile and one large and two small bile pigment stones The bile cont lined only amjlase (activity of 20), 
cultuies of It weie sterile The wall of the gallbladder contained B coh The extrahepatic ducts weie 
much dilated and their walls were thickened The comnion duct was entirely p itent 

Mid oscopic Pindings — Gallbladder The wall wis moderately thick showing some edema and some 
fibrosis and moderate Ivmphocjtic infiltiation The mucous surface was mainly devoid of ej ithehum 
Common duct This presented the same changes Liver Some fatty degeneration Pancreas and 
kidnevs Normal 

Group III — Tcmpoiaii Obstiiiction Piorimal to Jiiiictiiic of the Pancreatic Duct 
Goat No 25 — Approx age three weeks Diagnosis Nonnal gallbladder 

The common duet was obstructed between the junctures of the cystic and pancreatic ducts for 24 
hours Death occurred from a respiratoij infection five davs later 

Gloss Pathology — The abdominal cavity was normal in appearance except for a few adhesions 
between the gallbladder and neighboring tissues The gallbladder was normal in appearance except 
that It was colored an abnormalh dark shade of green The other viscera were normal The comnion 
duct was patent and not dilated but showed a narrow ring of thickening of its wall at the point where 
it had been occluded temper inly The gallbladder bile was normal in appearance Cultures of it and 
of the wall of the gallbladder were sterile It contained a tiace of amjlase but no trypsin 

Microscopic Pindings — Gallbladder Essentially normal, possibly slight edema of serosa Liver, 
pancreas, and kidnevs Normal 

Goat No 26 — A.pprox age four weeks Diagnosis Normal gallbladder 

The comnion duct was obstructed between the junctures of the cystic and jiancreatic ducts for 48 
hours The animal was killed 12 days later 

Gross Pathology ^Tlie gallbladder was adherent to the duodenum and other tissues and was 
slightlv distended as were the cystic and hejiatic ducts There was some regional Iv mphadenopathj 
The common duct w is narrowed bv a ring of increased thickness of its wall at the site of temporary 
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occlusion, but it was pitent The other Mscera were normal The gallbl-idder bile was nornnl in 
appearance Cultures of it gaae no growth It contained amylase (actnitj of 7) 

Macroscopic rttidings — Gallbladder Essentially normal, possibly slight edema of tissues and slight 
increase in subephithelial lymphocytes Liver, pancreas, and kidneys Normal 

Goat No 27 — Approx age, one month Diagnosis Partial biliary obstruction with subacute 

cholecy stitis 

The common duct was obstructed between the junctures of the cystic and pancreatic ducts for 
SIX days The animal was killed 14 days after operation 

Gross Pathologv —The tissues were slightly icteric The gallbladdei, cystic and hepatic ducts 
were moderately distended, the ducts were tortuous, and their walls somewhat thickened by edema 

The gallbladder was grayish green in color, and there were many pericholecystic adhesions The 
sentinel lymph nodes were aery large The common duct was almost occluded by a band of dense 
fibrous tissue at the site where temporara obstruction had been applied, it aaas patent, hoaveaer The 
duct above this lea el was moderately distended while below it was noimal The pancreas was enlarged 
and peculiarla soft in texture The liaei avas swollen The gallbladder bile was normal in appear 
ance From it aaas cultured the staphylococcus (piobabla a contaminant) and a diplococcus It con 
tamed amylase (actiaita of 6 =;) and lipase 

Microscopic Findings — Gallbladder Moderate edem i maolaing principally the submucosa and 
marked subepithelial infiltration of lymphocytes these cells occurring in large collections Liaei 

Intrahepatic ducts dilated and small scatteicd collections of mononuclear and polymorphonuclear leuko 
c\tes around ducts Pancreas Normal 

Goat No 28 —Approx ige one month 

The common duct was obstructed lietwcen the junctuics of c%stic and panel eatic ducts for tluee 
days The animal was killed 12 days later 

Gloss Pathology — With the exception of some jiei icholeostic adhesions the gallbladder and other 
Mscera were normal The common duct was patent but was slightU nan owed by a band of in 
creased thickness of its wall where temporary occlusion had Iieen applied The regional Ivmph nodes 
were enlarged The gallbladder bile appealed to be noimal From it were cultured pneumococci 
There was insufficient bile for examination for enzymes 

Micioscopic Piiidtiigs — Gallbladder Essentially normal slight subepithelial lymphocytic infiltration 
Li\er Essentially nornnl Pmcieas Normal 

Group IV — Pcimaiicnt Obstruction Piorimal to the Juncture of the Pancicatic Duct 
Goat No 12 — Approx age, one month Diagnosis Acute cholecystitis and acute hepatitis with 
multiple abscesses 

The common duct was ligated perminenth, abo\e the junctuie of the pancieatic duct The animal 
died nine da\s later 

Gross Pathology — The tissues of the abdominal wall and of tbe Mscera near the gallbladder were 
bile stained The gallbladder was adherent to surrounding tissues It was enormously distended and 
graMsh green in color and contained thin gi eenish biow n fluid in which there was considerable fine, 
soft brown material This fluid contained no trypsin aid only a trace of amylase (activity of 10) 
From it were cultured B coli and gram iiegatne cocci The Iner was swollen The common duct was 
widely dilated abo\e the ligature and normal below it There were se\eral large lymph nodes 

Micioscopic Findings — Gallbladder The epithelium was partially gone and the wall much thickened 
with edema and somewhat infiltrated with polymorphonuclear and mononuclear leukocytes Common 
duct This presented the same findings as the gallbladder Panel eas and kidneys Normal Livei 
There was an increase in interstitial fibrous tissue and this tissue contained bile pigment There were 
many areas of collections of polymorphonuclear cells and areas of necrosis of liver cells 

Group \ — Permanent Ohsti uctioii Distal to the Junctuie of the Panel catic Duct Plus Cholccystostoiny 
Goat No 9 — -Approx age one month Diagnosis Subacute cholecystitis 

The common duct w is permanently ligated distal to its juncture with the pancreatic duct, and a 
cnolecistostomi was performed, with a catheter draining the gallbladder to the exterior The catheter 
was extruded se\en dais later, an autopsy was performed on the following day 

Gross Pathology — There was considerable digestion of the skin for a wide area around the drainage 
tube This became apparent within 24 hours after operation and was progressne The gallbladder was 
buried in adhesions and was contracted Its wall was thick and was grayish white in color The pan 
creas and Iner were normal in appearance and the extrahepatic ducts were not distended 

Microscopic Ftndings — Gallbladder The wall was much thickened with edema of all layers but 
mainly of the serosa There was also considerable hmjihocytic infiltration and an increase in fibrous 
tissue Pancreas Normal Lner Slight interstitial edema 

Goat No 10 — Approx age, one month Diagnosis Subacute cholecystitis 

Cholecy stostomy only was performed The ducts were not disturbed Aspirated gallbladder bile 
contained no traces of any enzymes and was sterile on culture The animal was killed and autopsicd 
eight days later 

Gross Patholog\ — The gallbladder and sinus tract were buried in adhesions The gallbladder was 
contracted and its wall was thick and injected The li\er, pancreas, and extrahepatic ducts were normal 
in appearance Regional lymph nodes were enlarged There was only slight erosion and digestion of 
the skin around the drainage sinus 
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Macroscopic ruithiir/s — (i lilljiadder The wall was thickened hj edema (mainlj of the serosa) and 
by a marked lymphocytic infiltration and increase in fibrous tissue The tissues also contained some 
polymorphonuclear leukocytes The epithelium was hyperplastic Pancreas Normal Liver Normal 

Goat No II — Approx age, one month Diaanosis Subacute cholecvstitis 

The common duct was permanently ligated distal to the juncture of the pancreatic duct, and the 
gallbladder was drained externally by means of a catheter Aspirated gallbladder bile contained a 
trice of amylase and no b icteria on culture Death occurred six davs later, no definite cause for 
it could be demonstrated 

Gross Patholoq^ — The gallbladder was buried in adhesions and was thick walled and contracted 
The extrahepatic ducts were not dilated The pancreas appeared to be congested and the liver normal 
Regional lymph nodes were enlarged 

Mtcioscopic Finditips — Gallbladder The wall was much thickened with edema fibrosis and in 
filtration with lymphocvtes and polymorphonuclear leukocytes The cellular infiltration was mainly 
submucosal The epithelium was hyperplastic P increas The ducts were dilated and the blood vesseis 
were distended The gland was otherwise normal Liver Pssentially normal Kidneys Essentially 
normal 

Goat No 21 — Approx age 15 months Dtaipwsts Acute gangrenous nonperforated chole 

cystitis with bile peritonitis 

The common duct was ligated distal to the juncture of the pincreatic duct ind a chole-v stostomv was 
performed, draining the gallbladder to the exterior through a catheter 

Gallbladder bile procured at time of ojieration was negative for trypsin but positive for lipase and 
amylase (activity of 10) Microscopically, it w is negative and gave no growth on culture Bile 
aspirated from the tube 24 hours later contained both trypsin (activity of 20) and imvlase (activity of 
160) 40 leukocytes and 100 red blood cells per H P P ind gave no growth on culture 

\spirated bile five days after operation, cont uned both trypsin (activitv of 22) and amylase 
(activity of 140) Smears presented only anioridious material and crystals Cultured were B call and 
gram uegativ e cocci 

The tube fell out on the eighth day and drainage immediately ceased The animal began to fail 
rapidly and was killed and autopsied three days later, 11 days after operation 

Gloss Patholom — Thete had been considerable digestion of the skin around the sinus The 
abdomen contained 600 or 700 cc of bile stained fluid and the peritoneal surfaces were shghtlv in 
flamed This fluid contained both trvpsin (a trace) and amylase (activitv of 20), and was negative 
on culture The gallbladder was distended, edematous, opaque and gray ish white Vessels on the 
surface were dilated There was no demonstrable perforation of the gallbladder or leakage from thr 
sinus The gallbladder bile contained both trvpsin (activity of i 8) and amylase (activity of 140) 
and from it were cultured S coh and gram negative cocci The extrahepatic ducts were moderately 
dilated 

Mtcioscoptc riiidituis — Gallbladder The wall was thick, very edematous and partially necrotic 
The mucous surface was almost entirely devoid of eiuthehum and the wall was moderately infiltrated 
with lymphocytes and contained a few polymorphonuclear leukocytes Liver Normal Pancreas and 
kidneys Tissue lost 


Group \I — Spontaneous Cholecystitis 
Goat No IS — Approx age 14 months 

Upon exploration this anim il was found to have developed a cholecystitis spontaneously Con 
equently no expel imental procediiie was undertaken The animal was immediately autopsied 

Grass Patltaloa\ — The gallbladder presented a few adhesions, was normal in size and was dull 
red in color Surface blood vessels were dilated The wall was moderately thickened The common 
duct was shghtlv dilated Both gallbladder and ducts contained normal bile The gallbladder bile 
contained amvlase (activity of 20) and a trace of trvjism Cultures wielded B eoli 

Mictoscopic Pindinqs — Gallbladder The wall was moderately thickened, the epithelium shghtlv 
hyperplastic in some areas, absent 111 others, and there was some edema and moderate lymjihDcy tic and 
fibroblastic infiltration Common duct This showed similar changes Pancreas and kidncvs Normal 
Liver Considerable fattv degeneration 

BRIEF ANALYSIS OF RESULTS OF EXPERIMENTS 

Since the common duct m goats acts as a common conduit foi both bile 
and panel eatic secretions, pancreatic juice noimally is constantly piesent in 
the pioximal end of the common duct It would appeal, therefore, that under 
noimal conditions panci eatic juice either does not enter the gallbladder or if 
it does, it IS innocuous In an endeavor to investigate this question the gall- 
bladder bile of five noimal goats was examined foi pancreatic enzymes In 
three tiaces of trjpsm and lipase weie found, and in all, small amounts of 
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amylase Since many tissues of the body contain amylase, its presence m the 
gallbladder bile has no particular significance It has been shown by several 
investigators that panel eatic juice is innocuous until the enzymes have been 
activated by some substance Consequently unactivated enzymes could con- 
ceivably be present in the gallbladdei without causing damage Thus, there 
IS good evidence that pancreatic juice becomes a pathogenic factor in gall- 
bladdei disease only as a lesult of some othei factoi (piobably stasis) which 
causes this juice not only to entei the gallbladdei but also to become activated 
within this viscus 

Quantitative determinations weie made of amylase by the method of 
Myeis and Fine, and of tiypsin by the method of Gioss Only qualitative 
deteimmations weie made of lipase 

Since the expei imental lesults vaiied with lespect to the site of obstruction 
produced m the common duct, the duiation of the obstiuction and the age of 
the experimental animals, the discussion is presented undei the following 
headings 

I OBSTRUCTION DISTAL TO PANCREATIC DUCT 

The common duct was obstiucted distal to the juncture of the pancreatic 
duct 111 15 animals The obstiuctions in seien weie permanent, and in eight 
temporal y 

(i) Peiinancnt OhsU uction — No animal survived obstruction longer than 
II days Tlnee died within 26 hours The three that Ined five days or longer 
showed evidence of jaundice 

At postmortem examination, theie was found, without exception, enormous 
dilatation of the gallbladder, cystic and hepatic ducts, and of the common duct 
above the site of obstiuction (Fig 4) In five animals the gallbladder and 
ducts were adheient to the duodenum and othei adjacent tissues and there 
weie edema and very large lymph nodes m the gastrohepatic omentum 

In foui goats (Nos 2, 4, 7 and 8) theie was piesent a bile peiitomtis 
with no demonstrable pei foration m the wall of the distended gallbladder and 
ducts Micioscopically, the tissues of the walls of these gallbladders weie 
eithei paitially 01 entirely neciotic (Fig 5 A) In two there nas no mflam- 
matoiy reaction, while in one theie was moderate edema and 111 anothei much 
infiltiation with lymphocytes and polymorphonuclear leukocytes 

In one goat (No i), the gallbladdei had perforated with formation of a 
small abscess containing bile The wall of this gallbladder was veiy thick, 
opaque, gi ayish-white m color, nith dilated vessels on its suiface It was mod- 
el ately edematous and extensively infiltiated with both mononucleai and 
polymoiphonucleai leukocytes Theie weie also areas in which the tissue was 
neciotic In the other two goats (Nos 5 and 13), theie was considerable 
edema, particulail) m the serosa, and in one considerable infiltiation with 
inflammatoiy cells In all animals the epithelium was entnely missing 01 pies- 
ent only as small remnants 111 the depths of the folds 

The gallbladdei bile in all seven animals contained both amylase and 
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tiypsin It was sterile in thiee (Nos 2, 4 and 5), and contained B coh and 
gram-negative and -positive cocci in four (Nos i, y, 8 and 13) There was 
also present much debus which had the appeal ance of digested blood 






Fig 4 — K Enormous distention of the gnllbladder resulting from ob 
struction of the common duct below the duct of Wirsung in Goat No 14 
This same degree of distention resulted from obstructions above as well as 
below, the juncture of the duct of Wirsung Note edema, adhesions and 
h mphadenopathj 

B The gallbladder and ducts opened (D) Duodenum (L) Obstructing 
ligature with common duct much dilated aboie and normal below it Note 
(N) areas of hemorrhage and necrosis in the wall fB) Debris m gallbladder 
bile consisting of blood, necrotic tissue and inspissated bile 


Tavo goats Aveie )'^earhngs and five Aveie appioximatel)t one month of age 
In the two oldei animals the livei, kidne3'S and pancreas weie normal 

In the five infants, theie w^eie gioss and micioscopic findings of acute 
pancreatitis with digestion neciosis in four (Fig 5C) The pancreatic ducts 
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were dilated in all five, and bile was seen in the ducts in thiee (giossly in 
two, and microscopically in one [Fig 5®]) three of this gioup 

contained multiple small abscesses 



Fig 5 — Goit No 4 Obstruction of the common duct distal to the juncture 
of the duct of Wirsung for three dajs produced gangrenous cholecjstitis and 
pancreatitis m ith peritonitis 

A \\ all of gallbladder shows edema and aseptic necrosis Note absence of 
lining epithelium, also absence of Ijmphocjtic and leukocjtic infiltration 

B and C Area of pancreas showing a dilated duct filled with bile, with be 
ginning necrosis of the acinar tissue around it 

D Another area of pancreas showing necrosis of all tissues including necrosis 
of fat within the pancreas 

Comment — It should be emphasized that (a) all gallbladders m this 
gioup contained pancieatic enzymes, evidence of hemoirhage into the visctis 
and loss of epithelium, (b) theie was no evidence of infection m three, 
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(c) theie was complete or partial gangrene of the wall of the gallbladder in 
five out of seven, with bile peritonitis in four and peiforation in one, (d) the 
pancreas was unaffected by obstruction in the two older animals, and definitely 
damaged in the five infants (dilation of ducts in five, piesence of bile in the 
ducts m three, and acute pancreatitis in four) 

(2) Tempo} a) y Obsf) uctioii — It was found m the fiist group of goats 
used 111 this study, as lepoited above, that the ver}'' 3fOung ones developed 
acute pancreatitis in addition to cholec3'Stitis, and died piomptly after obstruct- 
ing the distal end of the common duct This did not occtii in the two older 
ones of the group Obviousl3, therefoie, to stud3’^ the effect of temporary 
obstructions the older animals had to be used Consequentl3’-, all iveie four 
months and older In two animals the distal end of the common duct was 
obstiucted nith a hgatuie of plain catgut, so that the duiation of obstruction 
was not definitel3'’ knovn In six, the obstructions were produced by the 
method illustiated m Figuie 3 and were maintained from one to six da3^s 
The two goats (Nos 14 and 16), in which catgut ligatures w'ere used, 
died from the results of the obstiuction 19 and 32 da3’-s later The ligatures 
had resulted m the formation of stiictures wdiich had caused persistence or 
lecunence of obstiuctior Both had extreme dilatation of the gallbladder and 
biliary ducts above the sites of obstiuction, which w'^as complete in one and 
neaily complete m the othei one The W'all of the gallbladdei m both w'as 
much thickened wuth edema, and the bile contained both trypsin, and amylase 
and B coh and grain-negatne and -positive cocci In the one wdnch w^as four 
months of age, theie w'as an acute, nonpei forated gangrenous cholec3'stitis, 
with bile peritonitis, and acute pancreatitis wuth digestion neciosis In the 
older one, 14 months of age, theie was a pei foiation of the gallbladder, which 
was paitially neciotic, and an adjoining abscess containing tbe same character 
of fluid as that found m the gallbladdei 

A thud goat (No 22), m wdiich the common duct w'as obstructed for six 
days, died twm days aftei the obstruction w^as leleased Although bile could 
be expiessed from the ampulla by squeezing the gallbladder, both gallbladder 
and bile ducts w^eie consideiably distended Gallbladder bile contained both 
tr3^psin, amylase, and B coh The wall of the gallbladder w^as almost entiiel3" 
necrotic but contained a few fibi oblasts 

The lemainmg five goats (Nos 17, 18, 19, 20 and 24) lived wuth apparent 
good health, and w^ere killed six months after the common duct had been 
temporaril3? obstructed Three of them w^ere explored four w^eeks after the 
oiiginal operation, and bile obtained by aspiration It contained debris, ciystals 
and wdnte and red blood cells in addition to both tr3 psm and amylase In one, 
It W'as sterile and fioin the bile of the other tw'o, B suhtihs, B coh, and gram- 
negative and -positive cocci w'ere cultured At postmortem examination, the 
gallbladders of all five goats w'ere extensively adheient to the duodenum and 
other tissues and pi esented edema, fibrosis and 13'inphocytic infiltration of the 
w'alls in vaiying degrees The w'all in four (Fig 7), was ver3' thick and 
opaque, woth dilated Aessels on the surface, and 111 one, it was fairly thin and 
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Five goats developed chionic cholecystitis with infection, and in three, 
stones formed 

(3) Peunanent Ohstnichon with Cholecystostomy — In each of three 
goats (Nos 9, II and 21), two, appi oxnnately one month of age, and one, 
about 14 months old, the distal end of the common duct was ligated with silk 
but, m addition, the gallbladdei was drained thiough a cathetei extending just 
beyond the skm suiface Bile aspiiated at the time of opeiation was steiile on 



Pig ? — Goit No i8 Chronic cholecjs,titis six mouths nfter n temporary obstruction of the common 
duct distal to the juncture of the duct of Wirsiing 
A Gross specimen Note the thick opaque wall of the Rallbladdei , with engorged surface acssels, 
dilated cjstic and greatlj dilated common ducts 

B The gallbladder and ducts opened Note the thick wall of the g illbladder and the enormouslj 
dilated common duct (W) Indicates the duct of Wirsung and (A) the ampulla of Vater 
C The w ill of the gallbladder is thick showing some edema fibrosis regenerated epithelium and 
extensue infiltration with Ijmphocjtes (cspeciallj suhepithelial) These sections taken from two areas 
of the wall show the histologic \ iriation 


cultuie and contained only tiaces of amylase In one animal (No 21), samples 
of bile u ere collected aseptically 24 hours, and five days, after operation Both 
specimens contained trypsin m addition to large quantities of amylase In 
the fiist specimen there weie 40 leukocytes and 100 red blood cells per H P F , 
and no bacteiia on culture The specimen obtained on the fifth day contained 
amorphous mateiial, ciystals and B coli and gi am-negative cocci on cultuie 
This animal subsequently died with an acute, nonperfoiated gangienous 
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cholecystitis, with bile peritonitis which followed thiee days after tube fell 
out and drainage ceased 

In all three animals, the skin foi a considerable distance around the wound 
became raw, piesumably digested This excoriation undoubtedly lesulted from 
the action of pancieatic enzymes This contention is suppoited by the fact 
that veiy little excoiiation took place m a fourth animal (No lo) which had 
a cholecystostomy without obstruction of the common duct Drainage \Mth- 
out obstruction \\as established in this animal for purposes of comparison 
Giossly and microscopically, the gallbladdei in this animal did not dififei fiom 
that of two m which diamage was supplemented by obstruction of the com- 
mon duct In all of them, the gallbladdei was conti acted and the wall was 
very thick with edema, mainly of the seiosa It was mfiltiated with lymph- 
ocytes, polymoi phonucleai leukocytes and fibi oblasts, and the epithelium was 
not only intact but appeal ed to be hyperplastic 

Comment — Although pancreatic enzymes tiaveised three of these gall- 
bladders, m only one (No 21) uas there loss of epithelium and necrosis of 
the wall such as occuiied m the pievious group of animals in which obstiuc- 
tion of the common duct was not decompressed by diamage of the gallbladder 
In Goat No 21, houevei, the drainage sinus closed, with the lesult that the 
obstruction uas no longei decompressed and stasis with distention followed 
Thus, It appears that pancieatic enzymes are activated and attack the wall of 
the gallbladder only in the piesence of stasis or that the wall becomes vulnei- 
able only when it is distended The pathologic changes found in the two con- 
ti acted gallbladdei s were the result, no doubt, of trauma and infection 

OBSTRUCTION PROXIMAL TO PANCREATIC DUCT 

The common duct was obstiucted proximal to the junctuie of the pancie- 
atic duct and distal to the junctuie of the cystic duct in five goats The 
obstiuctions weie made permanent in one animal with a ligature of silk, and 
tempoiaiy in foui 

(i) Peiinancnt Obshucfwn — The one goat 111 this group (No 12) 
was one month of age It died nine days after obstruction was established 
There was a definite jaundice which was appaient m the tissues The gall- 
bladder and the ducts above the ligatuie were enormously distended The 
gallbladder bile contained no tiypsin and only a trace of amylase B cob and 
gram-negative cocci weie cultuied from it 

The walls of the gallbladder and common duct were edematous and infil- 
tiated with mononuclear and polymorphonuclear leukocytes It was partially 
devoid of epithelium but there was no neciosis of the other tissues of the 
wall The liver contained focal areas of neciosis and multiple abscesses The 
panel eas was noimal 

Comment — Stasis in this animal accompanied by infection resulted m 
acute cholecystitis, hepatitis, and multiple liver abscesses Theie was, how- 
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ever, no neciosis of the wall of the gallbladder and no pancieatitis as occurred 
with obsti actions below the pancreatic duct in goats of this age 

(2) Tempoiaiy Obsfi uction — The foui goats (Nos 24, 26, 27 and 
28) ^\ere appi oximately one month of age The duration of the obsti actions 
was 24, 48 72, and 144 houis, lespectively The animal which was obstructed 
for 24 houis died fiom a lespiratoiy infection five daj's latei The others 
weie killed while appaiently in good health 14 days after the operation 
With the exception of Goat No 27, which will be discussed sepaiately, the 
gallbladder, ducts, pancreas, and hvei of each animal weie essentially noimal, 
both grossly and micioscopically (Fig 9) There weie however in each 



Fig 8 — Chronic cholecystitis yvith cholelithiasis which deyeloped se\enl months after tempoiary 
obstruction of the common duct distal to the juncture of the pancreatic duct in Goats Nos 24 and 19 
Note enormous dilatation of common duct and stones in both duct and gallbladder of Goat No 19 


animal some pei icholecystic adhesions, and adhesions between the duodenum 
and common bile duct In each instance, the common duct was patent but vas 
narrowed and its vail thickei than normal at the site wheie tempoiary 
obsti uction had been ajjplied The gallbladdei bile was noimal m appearance 
and contained only amylase It was steiile on cultuie in two goats and gave a 
giowth of pneumococcus in one 

In Goat No 27, an obstruction was maintained foi six days, and the sub- 
sequent fibiosis of the wall of the duct at the site wheie obsti actions had been 
applied had lesulted m stenosis which was almost complete Above this level 
the common duct and the hepatic and cystic ducts veie much distended as 
was the gallbladder The gallbladdei bile was normal in appearance and con- 
tained only amylase Fiom it weie cultured the staphylococcus (possibly a con- 
taminant) and a diplococcus The liver was sw^ollen and the intiahepatic ducts 
dilated The w'all of the gallbladdei w^as thickei than normal, the lining epi- 
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thelium intact and noiinal, and Iheie was no neciosis o{ tissue The subepi- 
theiial tissues weie moderately edematous and densely mfiltiated with lympho- 
cytes The pancreas was noimal The gioss and nucioscopic appearances of this 
gallbladdei aie shown in Figuie lo 


1 



I'lr 9 —Goit No 26 The common duct wis obbtructed foi 48 hours piovimal fo 
the juncture of the pincreitic duct tiid distal to the c>stic duct The animal was 
killed 12 dajs later 

A Gloss specimen showing in esseiitiah iioimal gallbladdei 

B Microscopicalh dso the wall of the gallbladder is essenttall> 1101 ma! Tern 
porar\ hiharj stasis inoduced no jierni inent dam ige 


Comment — The gallbladders of animals m this gioup weie subjected to 
temporal y stasis of bile without the leflux of panel eatic secietions With the 
exception of the one animal, m uhich paitial obstruction peisisted, there was 
a leturn of the biliaiy tract to an essentially noimal condition Theie uas no 
loss of epithelium oi neciosis of the wall such as occtmed m gallbladders 
subjected to the leflux of pancreatic juice m addition to stasis The pancreas 
was unaffected 
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III NATURAL CHOLUCl STITIS 

In the covnse of the investigation one of the yearling goats (No 15) pre- 
sented, at opeiation, a gallbladdei with the gioss appearance of cholecystitis 
B coll was cultured from the wall of the gallbladdei The findings were essen- 
tially the same as those of the expenmentally pioduced chronic cholecystitis 
with the notable exceptions that there rvere no peiicholecystic adliesions and 
no dilatation of the common bile duct The ducts and hvei weie normal in 
appearance and no mechanical explanation for the cholecystitis could be found 



Fig 20 — Goit No 27 Common duct ms obstructed for six dajs proximal to the duct of 
M irsung and distal to the cjstic duct Seal ring at site of obstruction resulted in partial perma 
nent stenosis 

A and B Gross specimen shows moderate distention of the gallbladder and of tbe ducts proxi 
mal to the area of stenosis (O) Site of obstruction (W) juncture of duct of Wirsung, (V) ampulla 
of Yater Note that the common duct below the stenosis is normal 

C The wall of the gallbladder shows moderate edema and much Ijmphocvtic infiltration of the 
subepithelial tissues Despite prolonged biliarj stasis the lining epithelium is intact and normal, and 
there is no necrosis of the tissues as resulted from obstructions distal to the juncture of the duct of 
Wirsung This gallbladder was infected cholecj stitis resulting trom stasis plus infection 


DISCUSSION AND CONCLUSIONS 

Fiom these expei imeiital data it may be concluded that neithei stasis of 
bile nor the lefiux of panel eatic juice as a single factoi was pioductive of 
cholecystitis When combined, they invaiiabl}'- pioduced peimanent pathologic 
changes m the gallbladder By then combination, theie was pioduced acute 
aseptic cholecj^stitis with complete oi partial necrosis of the ivall of the gall- 
bladdei The immediate pathologic changes, it is believed, w^eie chemically 
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induced and not the lesult of infection, foi the leasons that they lacked his- 
tologic featuies characteristic of infection and that cultuies fiom the gall- 
bladdei bile and wall weie steiile in most instances In seveial animals there 
was an associated bile peritonitis without peiforation of the wall of the gall- 
bladdei and, m two, a peifoiation AMth localized peiitonitis Precisely the 
same pathologic pictures occur m man, and we shaie the conviction of Wolfei 
that the pathogenesis is the same 

In the older animals, which suivived this initial acute leaction, which we 
have leason to believe included some neciosis of the wall of the gallbladder, 
theie developed chronic gallbladder disease not unlike that of man No gall- 
bladder subjected tempoiaiily to both stasis and leflux of panel eatic secie- 
tions reverted, with lecovery, to its previous noimal condition All developed 
peimanent pathologic changes Despite the fact that the mucous membiane 
completely oi paitially regeneiated in most instances, evidence of chionic in- 
flammation peisisted Since bacteiia weie cultuied fiom all of these chion- 
ically inflamed gallbladdeis, it seems piobable that supei imposed infection 
vas an impoitant contiibutmg factoi in this subsequent development of 
chi onic cholecystitis 

Unquestionabl} , the bile pigment stones, which developed in thi ee animals, 
formed as an indirect, if not diiect, lesult of stasis and leflux of panci eatic 
secietions In addition to piecipitation fiom alteied lelations of the chemical 
constituents of the bile, these gallbladdeis contained much debus, consisting 
of blood from hemoiihage and of fiagments of sloughed mucous membiane 
Theoietically, these pai tides piovided nuclei aiound ^^hlch piecipitated ele- 
ments could collect This debus, always piesent m tbe bile foi a few weeks 
aftei the initial insult fiom stasis and panci eatic reflux, giadually disappeaied, 
and the bile became cleai and noimal m appeal ance 

Tempoiaiy biliary stasis alone (in absence of pancieatic leflux) had no 
destiuctive action upon the wall of the gallbladdei and w^as pioductive of 
permanent pathologic changes in only those gallbladdeis m wdiich theie w^eie 
positive cultuies to indicate that infection had supei vened In the absence of 
infection, gallbladdeis subjected to tempoiary stasis piomptly revolted to 
then pieMous noimal states 

^-^^hus. It may be concluded that stasis played an essential and fundamental 
idle but not the active one in the pioduction of cholecystitis and stones 
Appaiently it meiely cieated ciicumstances favoiable to the damaging activity 
of pancieatic enzymes and of bacteria In othei w^oids, cholecystitis resulted 
fiom stasis plus eithei the leflux of pancieatic secietions oi infection oi a 
combination of the thiee factors 

The same factoi wdiich induced stasis caused the leflux of pancieatic 
juice, and, m turn, distention of the gallbladder Thus stasis either activated 
the pancieatic enzymes oi, by distending the w^all of the gallbladdei, rendeied 
it vulneiable to the action of the enzymes and to infection It is our belief that 
these same factoi s aie lesponsible for chionic cholecystitis in man 

In our animals, stasis was induced by obstiucting the common duct There 
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iS much evidence that tempoiary obstiuction of the common duct m man may 
lesult fiom spasm of the sphmctei of Oddi and from reverse peiistalsis in 
the duodenum, m addition to stones oi other obstructing factois within the 
common duct oi at the ampulla 

The occuiience of acute panel eatitis m five of the younger goats, follow- 
ing obstruction of the common below the panel eatic duct, was an mteiestmg 
incidental development The pathogenesis of acute pancreatitis has been 
attiibuted to the reflux of bile into the pancieas with the assumption that the 
bile activates the panel eatic enz)mies within the pancieas itself This conten- 
tion, howevei, has been contested by some contiary evidence Thus, it has 
been shown by Haims and Diagstedt that in the dog the secietory piessuie 
of the pancieas is gieatei than that of the livei It has been reasoned that 
undei these cii cumstances it is unlikel}'^ that bile would entei the pancieas 
This begs the question of lelative secietoiy piessuies to explain the presence 
of bile in the pancieas, and the development of panel eatitis m the veiy young 
goats and the failuie of its development in the oldei ones It is piobable that, 
m the formei, the secietoiy piessuie of the liver exceeded that of the pan- 
cieas In two of the veiy young goats the piesence of bile in the pancreatic 
ducts was obseived giossl}^ and, m one, micioscopically 

It has been shown that filteied bile does not activate pancreatic enzymes 
but that bile unfilteied oi containing bacteiia does This may seive to explain 
the absence of paiici eatitis m one of the goats in which bile could be seen in 
the panel eatic duct But it also seems leasonable to assume that the lefluxed 
bile observed m the pancieas of the othei two goats was a pathogenic factoi 
111 the production of acute panel eatitis in these animals 
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Discussion — Dr Charles P Baker (Omaha, Neb ) Doctor Bisgarcl 
has shown you the gross pictures of the livers and gallbladders taken fiom oui 
animals, and I wish briefly to discuss the micioscopic findings which w^e have 
in these animals 

The fiist gioiip IS the one in wdiich the ligatuie w^as temporal ily placed 
aliove the duct of Wirsung and so we have only the bile obstiuction In pait 
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of these animals the bile was steiile and in pait cultures giew streptococci 
Sections of the gallbladder walls in this gioup show collections of leukocytes 
in the subepithelial legion and edema of the wall Theie was no evidence of 
neciosis of the wall m this gioup 

In the second gioup of animals the ligatuie was placed below the pancre- 
atic duct and the animals weie killed in two to thiee days following the pro- 
cedure In these animals the gallbladdei wall was digested, and sections show 
no stiuctuie lemainmg noimal m the wall Theie were no collections of 
leukocytes in the wall and the mucous ineinbi ane was entii ely gone In part of 
these animals the pancieatic sections showed bile in the panel eatic ducts and 
theie nas digestion of the pancieatic acini and fat in many aieas Appaiently 
the feiinents foi fat and piotem digestion had been activated The picture of 
the panel eas is similai to that which we see clinically m so-called acute pancie- 
atitis The hvei m a numbei of these animals had small abscesses distnbuted 
throughout its substance 

In the thud gioup of animals the common duct was tempoiaiily ligated 
belon the pancieatic duct and the animals were killed seveial months later 
In this group of animals the epithelial lining ot the gallbladdei mucosa was 
intact The walls in this gioup weie thickened by edema and fibrosis, and 
theie weie unifoimly piesent large collections of leukocytes m the subepi- 
thehal legion of the A\all It was in this gioup of animals that calculi weie 
found in seveial instances 

Dr John A Aolfer (Chicago, 111 ) I am indeed pleased to heai this 
lepoit by Doctoi Bisgaid because, Decembei 5, 1930, I piesented the lesults 
of some expel imental woik on this subject befoie the Chicago Suigical So- 
ciety It clicl not seem to impiess anyone piesent at that meeting, in fact, I 
could not convince my audience that the theoiy had any meiit whatsoever 
Since that time, howevei, it has gained pioponents 

Recently. I made a suney of the liteiatiire lepoiting the lesults of an- 
atomic stuches on the lelationship oi the teiminal common duct to the pancie- 
atic duct It indicates that in eight studies coveiing 652 cases, a common 
pathway between the pancieatic and common ducts was found m 434 per 
cent of cases This would indicate that in appi oximately 45 pei cent of all 
individuals theie is a common pathway between the pancieatic and common 
ducts, thus allowing an mtei change of duct contents, bile to pass into 
the pancieatic system and pancieatic juice into the biliaiy ducts and gall- 
bladdei klany cholangiogiams, uhen carefully studied, leveal a visualization 
of the pancieatic ducts as stated by Doctoi Bisgaid We aie able to \eiify 
this obseivation 

Foi 0111 expel imental woik ue used the dog, placing a cannula into the 
major pancieatic duct and a T-tube into the common duct These two weie 
connected externally, using a glass obseivation bulb so as to be able to detei- 
mine whether the piepaiation was satisfactory Since the secietoiy piessiiie 
of the panel eas is gieatei than that of the hvei, the flow in a successful 
piepaiation was always from the pancieatic to the biliaiy side, levealing a 
till bid opalescent fluid m the obseivation bulb In oidei to determine wdiethei 
the pancieatic juice that was flowing into the common duct ever enteied the 
gallbladdei, India ink was intioduced into the obseivation bulb in one animal 
Five da}s later the animal w'as exploied and the mucosa of the gallbladdei 
was found stained black as w'eie also the contents of the gallbladder 

Aside troin the pieparation just desciibed, w^e injected pancieatic juice 
directly into the gallbladder, also into the common and cystic ducts in some 
of the experimental animals Figuie i show's the gallbladder of an animal 
24 houis aftei the injection of 15 cc of pancreatic juice into the cystic duct 
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Fig I — Photomicrograph (X35) of the wall of 
the gallbladder of a dog that died 24 hours after 
the injection of 15 cc of pancreatic juice into the 
cjstic duct The wall is much thickened, 4Mm 
and shows diffuse neciosis, with edema No viable 
structures can be seen (Courtesj of Surgerj, 
Gjnecology and Obstetiics ) 



aftei the injection of 20 cc of pancreatic juice 
into the gallbladder The mucosa has partly 
sloughed awaj There is shown extensive infiltra 
tion of inflammatory cells into the submucosa and 
muscular layeis, and infiltration and thickening 
of the seiosa 



Fig 3— Photomicrograph (Xiqs) of the seiosa of the 
gallbladder of a dog that died se\en da\s after a cliole 
dochopancreatic intubation On the left can be seen a 
dilated blood aessel with periiascular infiltration There is 
present extensne necrosis, with edema, and some cellular 
infiltration 
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The gallbladder was gray in coloi and the wall 4 Mm m thickness There 
was complete necrosis of the Nvall, with edema No viable stuictuie or cells 
could be seen Such a 1 espouse w^as encounteied on seveial occasions, the 
process often being associated wnth bloody bile stained fluid in the peritoneal 


cavity 

With the introduction of pancieatic juice into the biliaiy duct system 01 
gallbladdei, vaiying pathologic changes weie found ni the w^all of the gall- 
bladdei of the individual cases In a case m wdneh 20 cc of pancreatic juice 
had been injected into the gallbladdei, 20 clays latei a study of the gallbladder 
revealed a paitial sloughing aw'ay of the mucosa wnth an infiltration of in- 
flammatoiy cells into the lemannng portions of the mucosa, the submucosa 
and musculai layeis (Fig 2) The micioscopic appearance of the w'all of the 
gallbladder is almost identical with one that Doctoi Bisgard has showm In 

another instance m wdneh the animal died seven 
da>s aftei a choledochopancreatic intubation, there 
was found extensive necrosis, wnth edema , also 
cellulai mfiltiation w'lth perivasculai infiltration in 
the w'all of the gallbladdei (Fig 3) In every in- 
stance that the expeiiment w'as successful, patho- 
logic changes Aveie found in the w^all of the gall- 
bladdei ranging fiom acute and extensive necrosis 
to paitial necrosis and regenerative hyperplastic 
changes The longest time interval observed w'as 
in an animal killed 187 days aftei a choledocho- 
pancreatic intubation had existed for nine days 
Tio 4-Piiotomicroftrnph There w^eie found hypertiophy and hyperplasia 
(Xjjs) of the miicosT of the ciu with letcntioii cyst formation and extensne m- 

ofter * a °choiecbchop 4 Veatic flaiumatory Cell infiltration of the mucosa of the 

tub-vtton had flo\sed nme da\s crillWon^loj- fXttrr 
There are shot%n Inpertiophj gallWaaoer^Hg 4) 

and h>perplasia asith ejst forma TllCI 6 SeeillS tO be 110 qUeStlOIl, at least HOt 111 

tion, and extensne inflammatorj t , n 1 

cell infiltration Hiy niiiid, that paiici catic juice leflux may explain 


1 ^ 


many of the bizaiie pathologic pictures frequently 
obseived m the opeiating room My cuiiosity W'as aioused, in 1928, wdien I 
encounteied a laige, tense and cyanotic gallbladder in the presence of an 
acute pancreatitis The gallbladdei was removed and, much to my surprise, 
cultures from the W'alls of the gallbladdei and its contents were sterile It w^as 


obvious that theie must be some unrecognized process at w’Oik, a process not 
infectious m nature, that w^as the basis of the piofoiind changes found That 
obseivation led to the expeiimental w^oik that w'as reported ten years ago I 
am indeed pleased to see the results of Doctoi Bisgai d’s w ork upon the same 
subject and cjuite naturally I am gratified by his conclusions 


Dr Evarts a Graham (St Louis, Mo ) I think this has been a most 
interesting papei beautifully presented I am not quite certain how'evei, 
wdiethei Doctor Bisgaid wishes to give the impiession that all cases of chole- 
cj stitis ai e due to this mechanism 01 onljr a small per centage of them I have 
been interested m Doctor MMIfer’s ideas on this subject erer since he pro- 
posed them, and I would say that I think that the idea is a very attractive 
one I should like to feel that the explanations are as simple as Doctor M^olfer 
and Doctoi Bisgai d, now , w ould have us believe On the other hand, there 
are ceitam things that, fiom a purely logical standpoint, make it difficult for 
me to accept this idea as an explanation of many cases of cholecystitis 

These ideas briefly, are In the fiist place, this idea would make the 
origin of cholecj^stitis due to an anatomic anomaly wdiich presumabty exists 
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from the time of birth or even m fetal life, if you will Pancreatic secretion 
becomes active in late fetal life How does it happen, then, that children— 
babies — who have this defoimity escape cholecystitis if it is due merely to 
this anatomic anangement, and why is it, therefoie, that cholecystitis is a 
disease of middle life, or beyond, almost entirely^ Now, again, Doctor Wolfer 
calls our attention to the fact that appioximately 45 per cent of people have 
this anatomic anangement, but 45 per cent of the people do not have severe 
cholecystitis — 01 any way near that peicentage' 

Again, Doctoi Bisgaid intioduces the element of stasis as an important 
factoi Of couise, Aschoff has, for many years, emphasized the importance 
of stasis as a factor m the pioduction of cholecystitis I am not sure whether 
or not Doctoi Bisgaid means obstruction when he speaks of stasis That is, 
of couise, a very diffeient thing, namely, obstiuction is a veiy different thing 
fiom stasis Now, as a mattei of fact, people who have stasis in the gall- 
bladder aie the type of individuals who aie less likely to have cholecystitis 
“Uncle Sam” does not have cholecystitis, but “John Bull” does By chole- 
cystography, one can demonstrate that “Uncle Sam” has stasis but “John 
Bull” does not The individual with the long gallbladder is the one who has 
stasis , and frequently this gallbladdei is to be seen, by cholecystography, not 
to empty foi 36 or 48 hours The patient who has gallbladder disease is the 
one who has the cholecystographic shadow that appears as a circle up under 
the ribs “John Bull” I mentioned Heavyweight wrestlers and pugilists repre- 
sent types of individuals who are likely to have gallbladder disease Yet they 
empty more promptly than what we consider the normal gallbladders , there- 
fore, It IS difficult foi me to understand, really, that the explanation of chole- 
cystitis can be so simple as this idea which is pioposed and promulgated this 
morning by Doctor Bisgard, which he would have us believe 

Now I am pleased, however, I must say, to see this additional evidence 
in favoi of the idea that cholecystitis is not, by any means, always an infec- 
tious process I used to think that it was, but I think that the evidence is 
becoming more and moi e ovei whelming that it is not 

There is anothei point which I think is mteiesting to consider in connec- 
tion with this presentation It is not a question of Can you produce chole- 
cystitis by getting pancreatic juice into the gallbladder^ Anyone would accept 
that I cannot see that theie would be any doubt about that, but the point is, 
of course, does human cholecystitis, as we see it, occur m this way^ Now 
you can pioduce cholecystitis by introducing lots of things into the gallbladder 
Mann showed, many years ago, that an intiavenous injection of Dakin’s solu- 
tion resulted in a gangrenous cholecystitis, but certainly he did not mean to 
imply that human cholecystitis is caused by people going around getting in- 
travenous injections of Dakin’s solution, and that is, Mr President, the 
enigma which it seems to me these studies present 

Dr J Dewey Bisgard (Omaha, Neb, closing) Theie is a very strong 
glowing feeling that infection is not the initial etiologic factor in the majority 
of the cases of cholecystitis It has been shown, of course, and repeated 
experimentally by Andre^^ s and many others, that it is practically impossible 
to infect the noimal gallbladder They have introduced various types of bac- 
teria into the gallbladder and have failed to initiate an infection unless the 
gallbladder was also damaged or had been previously damaged So we believe 
that the physical or chemical changes that took place in the presence of stasis 
in these animals damaged the gallbladder wall and rendered it vulnerable to 
either bacteria or enzymes Now ue are not attempting to apply these observa- 
tions directly to the disease 111 humans, but we can show m our animals 
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subjected to stasis alone, that the gallbladder returned to a fairly normal 
condition Stasic gallbladdeis that did not become infected returned to noimal 
If they became infected, the}'' developed the pictuie of subacute or chronic 
cholecystitis 

It has been demonstrated lepeatedly, particularly by Colp in a large senes 
of cases, that one can fiequently recovei panel eatic enzymes fiom the gall- 
bladder I think he lecoveied them in as many as 20 pei cent of the cases in 
■which the common duct was diained, showing that the mechanism can take 
place As to the fiequency with which it takes place, I have no idea I do 
believe, how'evei, that it is the mechanism responsible foi most of the cases of 
acute gangienous cholecystitis that we see 
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THE QUESTION OF DRAINAGE FOLLOWING 
CHOLECYSTECTOMY 

Irvin Abell, M D 

AND 

Irvin Abell, Jr , M D 

Louisville, Ky 

The wide divergence of opinion regarding the wisdom or even the pio- 
pnety of omitting drainage aftei cholecystectomy due to lepoited instances 
of hile leakage with lesultaiit peiitonitis, has led ns to leview a senes of 500 
consecutive cases subjected to opeiation dining the decade fiom 1930 ^940 

Foi pill poses of bievity and facility of discussion cholecystectomy alone, 
earned out in the absence of suigical attack upon other poitions of the hiliaiy 
tiact or adjacent organs, othei than the coincident lemoval of the appendix, 
will be consideied The questions upon which decision is sought aie Is it 
peimissihle to eliminate diainage, and is it always necessaiy to diain even 
aftei “ideal cholecystectomy”^ 

In our eailier experience, diamage by a rubbei tube 01 a plicated strip 
of gauze enclosed in ruliber tissue, designated as a “cigarette diam,” was 
employed in all cases Undesiiable secjuelae following such piactice weie 
occasionally noted, and consisted chiefly of infection, delay m wound healing, 
and peisistence of sinuses foi days beyond the time requned foi the healing 
of the undi allied wounds We finally came to the piactice of discarding 
diamage in cases confoimmg to ceitam ciiteria, and it is to this gioup to 
which we invite your discussion 

It has been 0111 piactice to employ drainage 111 eveiy case showing gan- 
giene, marked pei icholecystic edema, inflammation 01 abscess, demonstiable 
common duct and pancreatic disease, spillage of bile fiom the gallbladdei 
or cystic duct, the visible presence of bile in the beds of the gallbladder and 
cystic duct, abnormal lelationship of artery, vein and ducts which do not 
peimit of satisfactory identification and control, and in the instances in 
which the sepaiation of pei icholecystic adhesions has left appreciable denuded 
sui faces It is out belief that the diain employed in the piesence of these 
indications — tube, cigarette or Pemose — should be left w situ foi a time 
sufficiently long to peimit of canalization that vill insure a loute of exit for 
wound secretions and dischaiges, a peiiod of time which our experience indi- 
cates to he not less than six 01 seven da3^s The piactice of lemoving the 
diain piecemeal at inteivals of 24 to 48 hours has, at times, resulted in 
retention and accumulations in the dejith of the wound, permitting the occur- 
lence of that vhich their employment was designed to preient and materiallv 
piolonging convalescence The employm ent of diamage in the conditions 

* Read before the American Surgical Association, St Louis, AIo , May i, 2, 3, 1940 
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mentioned is so universal as to require no further comment, but when one 
approaches the elimination of drainage m “ideal cholecystectomies” opinions 
and practices show divergence 

The wide variations m the anatomic relations of the cystic artery and duct, 
hepatic artery, portal vein, common and hepatic ducts have been repeatedly 
described , and the presence of accessory ducts in relation to the cystic and 
hepatic ducts as well as ducts of embryonal origin in the perimuscular coat 
of the gallbladder has been noted Flint, in an article upon the “Abnormali- 
ties of the Right Hepatic, Cystic and Gastro-Duodenal Arteries, and of the 
Bile Ducts,” m the British Journal of Surgeiy of April, 1923? repoited finding 
accessory hepatic ducts m about 15 per cent of his dissections The ducts of 
Luschka found on the perimuscular hepatic surface of the gallbladder, which 
while not communicating with the gallbladder do often anastomose with the 
bile ducts in the liver, have been estimated by some to be present in 6 per 
cent of all cases 

The above findings, together with reported failures of closure of the 
cystic duct after ligation, offer to maity surgeons an imperative demand for 
the employment of drainage m every case Is the surgical importance of 
these anomalies overestimated by some and underestimated by others^ Are 
these anatomic variations susceptible of recognition at operation^ Is there 
a technic which gives any assurance of such lecognition, at the same time 
affording a degree of safety m occluding aberrant and accessory ducts ’ In- 
stances of drainage from the stump of the cystic duct as late as six to eight 
days after ligation have been observed Do these bear any relation to the 
method of ligation or to the degree of pressure or infection in the common 
duct, and are there any reliable criteria upon which security of obliteration 
or of danger of reopening may be predicated ^ Beyond the generally accepted 
indications for the employment of surgical diamage elsewhere, these are the 
problems about and upon which hinges the choice for 01 against drainage 
following cholecystectomy 

Briefly, the “ideal cholecystectomy” we have m mind, and m which ive 
have eliminated drainage, is presented by the case m wdnch the common duct 
IS normal m size and gives no evidence of concretions or periductal inflamma- 
tion , m which the head of the pancreas shows no increase in size or con- 
sistence, m which the relations of the cystic duct, the common duct and the 
cystic artery can be readily defined by dissection with satisfactory identifica- 
tion of each, and 111 which the gallbladder can be separated fiom its bed by 
sharp dissection without exposure of liver tissue In such instances the 
cystic duct, with or without the cystic ai tery, depending upon their relations, 
has been doubly ligated with No i chromic catgut ligatures — one, a trans- 
fixion ligature placed proximal to the clamp in which the duct is held , the 
other, a mass ligature at the site of the grasp of the clamp The connective 
tissue bed of the gallbladder is closed by a continuous suture of chromic 
catgut welded on a curved intestinal needle, beginning at the point of ligation 
of cistic duct and proceeding to the outermost point of the gallbladder bed, 
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aftei ^vhlcll it is earned back to its starting point, transfixing the tissues not 
tightly held in the fiist layer In this technic no liver tissue is exposed and 
the cellular tissue of the gallbladder bed is firmly closed We have at times 
coveied the stump of the cystic duct with peritoneal flaps, as a rule, how- 
ever, omitting this featuie without noting any difference in convalescence 
Of the 500 cases leviewed, 109 were drained and 391 were not drained 
Acute cholecystitis was present in 74, chronic and subacute, m 426 Calculi 
weie present in 408, absent in 92 Of the acute cases, 34 were drained and 
40 not drained Of the chronic and subacute, 75 were drained and 351 not 
diained Theie were ten deaths in the series, a mortality of 2 per cent, two 
occuning 111 the 109 diainage cases, and eight in the 391 nondrainage cases 
Bi onchopneumonia alone accounted for five deaths — two on the third, 
one on the fouith, one on the fifth, and one on the twelfth postoperative day 
The patient dying on the fifth day presented a marked ileus, arousing the 
suspicion of an mtra-abdominal etiology independent of the toxemia from 
the pulmonary lesion Autopsy revealed the peiitoneal cavity free of path- 
ology 

Dehiscence occuried m two cases One, not drained, exhibiting persistent 
singultus, beginning on the thud postoperative day, developed a dehiscence 
on the thiiteenth day, and died of a terminal bronchopneumonia on the seven- 
teenth day, the othei, drained, developed a primary bronchopneumonia, and 
suffered a dehiscence on the fifth day, and died on the eighth day Both 
abdomens, at time of lesuturmg, were free of evience of leakage or of 
peiitoiiitis 

One patient died of acute hepatic toxemia after removal of a gangienous 
gallbladdei One died of mesenteiic thiombosis, symptoms appearing on 
the tenth, exploiation being made on the eleventh, and death occurring on 
the twelfth postoperative day pei mission for autopsy was refused, the origin 
of the thrombosis remaining conjectural The tenth fatality occurred on the 
thud postoperative day as a result of myocaidial failure and pulmonary edema 
In oui earlier expeiience, a cigarette dram was the one commonly em- 
ployed, bile-tmged diamage during the first 24 to 72 hours was occasionally 
noted In the piesent series, employing a more meticulous technic, and using 
a Pemose tube as a diain, bile-tinged drainage, m scant amount, has rarely 
been obseived All of the patients analyzed m this series were private ones, 
and since many ot them elected to remain in the hospital for a longer time 
than was actually necessary, no accurate estimate of the required hospitaliza- 
tion can be given for the two groups It is our impression, however, that 
the Pemose drain increases the time of hospitalization in but few instances 
Our expeiience in this senes, as well as in that of previous years, leads 
us to believe that the anomalies of the cystic artery and of the bile ducts do 
not have the surgical significance which has been accorded them by some 
observers While we believe that the reported cases of such anomalies demand 
a particularly careful opeiative technic in all instances, we are by no means 
suie that the one we employ gives complete assurance against leakage from 
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uni ecognized accessoiy ducts or leopened cystic ducts We are not so 
optimistic as to believe that what has happened to otheis may not happen to 
us The presence of miection m the common bile duct may not always be 
recognized by inspection and palpation, and, when piesent, may be the cause 
of faihiie of obhteiation of the cystic duct with consequent leakage We 
may have been foitunate m relying upon the ciiteiia mentioned m protecting 
us fiom such a disaster In any event, we have not seen, in this senes or in 
the expel lence of previous years, any of the complications which have been 
asciibed to closuie without drainage The valid aiguments uliich may be 
offered m favor of the elimination of diains aie the avoidance of adhesions 
uhich then piesence necessaiily engendeis, and the occasional delay in wound 
healing induced by infection, with prolongation of convalescence and resultant 
weakened scars That such advantages do oi do not outweigh pi oven dan- 
gers, and as to whether or not rn selected cases a careful technic offers a 
leasonable maigin of safety in avoiding the lattei, is to be pioved by collec- 
tive rather than individual experience 

Discussion — Dr John A WourcR (Chicago, III ) I am indeed happy 
to hear Doctor Abell present his thesis at tins meeting We have for 3'ears, 
in the group I woik rvith, omitted diamage in the majoiity of cases following 
cholecystectomy The question seems to 1 evolve about the possibility of 
leakage from the cystic duct wdnch is ligated at the time of opei ation , there- 
for e, infection and sundiy other aspects need not be considered at this time 

In 1927-1928, 111 01 del to determine rvhat happens to a ligated cystic 
duct, we earned out some experimental woik upon the dog It may be pei- 
tinent to mention again the results of that work, since it has a direct bearing 
upon the subject before us at this time 

It w'as noted that 24 hours aftei operation, the stump of the cystic duct 
w'as covered wuth an exudate consisting of led blood cells and coagulated 
seium, so that it was not visible after the lobes of tbe hvei and other adjacent 
stiuctuies that had prolapsed ovei it had been separated Micioscopic exam- 
ination of the duct stump revealed compression of the tissues within the giasp 
of the ligature and beginning cellulai disorganization of the stump, distal to 
the ligatuie At the end of four days, the exudate containing many young 
connective tissue cells w^as rvell fixed to the duct stump, completely covering ff 
When the exudate rvas sepaiated fiom the duct stump, it was noted, rery 
frequently, that the ligated duct w'as very brittle, so that it w^ould fiacture 
at the site of ligation wuth the slightest biush wuth the tip of the fingei , reveal- 
ing an open lumen wuthout any evidence of repair Microscopic examination 
of the duct stump show'ed necrosis of the duct waW distal to the site of ligation, 
under the ligature, and for a few nwlbmeters proximal to it, proximal to tins, 
the duct w^all appeared noimal (Fig 1) This rvould indicate that the ligature 
deprived the duct rvall of its blood supply, since the portion of the duct iindei 
the ligatuie, and distal to it, had been dissected free at the time of ligation 
and the only blood supply available rvas that rvithm the rvall of the duct The 
cystic duct rvall does not repair itself as does a blood vessel by a leparative 
process rrithin the duct rvall, as can be noted 111 Figure i the end of 

seren days, the exudate is firmly fixed to the duct structures and can be 
separated only with difficulty Microscopic examination of the exudate shorvs 
many young and matuiing connective tissue cells Examination of the duct 
stump clearly indicates the site of ligation and complete neciosis distal and 
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a few millimeters pioximal to the site of ligation It also illustiates the ab- 
sence of an}^ leparative process \Mthin the duct ^\all so that a disiuption at 
the site of ligation, at this time, will lead to a communication between the 
lumen of the proximal duct and the exterioi (Fig 2) 



Tig I — Photonncrogriph of the cjstic duct stump nt the zone of ligation 
on the fourth dnj Tins shows the zone of proMiml as well as distal necro 
Sis (Low power) 


As this process is followed along, it can be noted that the exudate finally 
becomes well organized, and completely obliteiates the duct stump by burying 
the neciotic portions in a mass of w' ell-01 gam zed connective tissue This w^as 
observed at the end of 33 days 



Fig 2 — Photomicrograph of the cjstic duct stump on the sesenth das 
This clcarlj indicates the e-stensise necrosis distal to the ligature, also 
beneath and proximal to the ligature, and demonstrates that at this period, 
no repaiatue changes ha\e taken place in the duct to occlude its lunicn 


It w'as also noted, in the experimental animals into which w^e mseited 
drams, that if anything was placed about the cystic duct stump that inter- 
feied w'lth the deposition or laying down of the exudate, which later became 
the defensive and 1 epai ative mechanism, healing ivas pi evented 01 markedly 
dela3ed If drams were inserted and then removed on the third 01 fourth day 
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the exudate which had already foimed aiound the duct was disturbed and did 
not cover the stump, so that a definite time-interval had to elapse for a 
furthei, and sometimes inadequate exudate to form, thus interfering with 
and delaying repair 

It would seem that this experimental work warrants the conclusion that 
in those cases m which there is no leason foi drainage othei than a fear of 
leakage from the cystic duct, it is distinctly contraindicated We employ 
drainage following cholecystectomy veiy, very larely, I would say in not 
more than 5 pei cent of oui cases, and, so fai, we have had no reason for 
regi ets 

Dr Henry F Graham (Brooklyn, NY) I have believed for many 
years in the general principle that it is better to omit drainage m operations 
upon the gallbladder whenevei possible but have caiefully avoided any attempt 
to influence others to adopt this piactice because of the obvious dangers of 
closing the abdomen without a diain when one is necessarj’' It now seems 
fair, however, to give oui statistics Ovei a period of about ten years, we 
have accumulated a series of consecutive cases without drainage There have 
been 346 m all, with 12 deaths, 01 a mortality of 3 47 per cent Please note 
that these are not consecutive cases, but they are consecutive cases which 
were not diained In the last 200 gallbladder operations, up until March 12, 
1940, no dram was employed in 62 5 per cent, or, conversely, we drained 
one-third of the cases 

It is our belief that none of the deaths occuired as the lesult of lack of 
drainage Postoperative accumulation of bile did occur in two cases but 
both of these recovered Closure of the abdomen without a diain does 
dimmish postoperative pain, gives more prompt and better healing of the 
YOund, and favois the deep breathing which we all so much desiie following 
gallbladder operations 

I agree with Doctor Wolfei that the insertion of a dram is often respon- 
sible foi the biliary discharge which is sometimes seen in a wound and which 
the surgeon says is positive proof that a diam W'as needed If the diain were 
not inserted, the tissues would collapse and you would get peritoneal exudate 
and adhesions, as he mentioned , and you would not have biliai y discharge at 
all 

In consideimg these statistics which I have mentioned, if they seem high 
to you at all, I should like to remind you that we have an active ambulance 
service at the Methodist Hospital We serve a large tenement house distiict 
with many Italians This may affect our moitality somewhat 

Dr Harry B Zimmerman (St Paul, Minn ) I was veiy much intei- 
ested in Doctor Abell’s piesentation and also in Doctor Wolfer’s expeiimental 
work If you will notice in Doctor Wolfer’s last slide there is a canalization 
of the cystic duct This section was taken five or six days after the ligature 
had been applied If one considers the abdomen as a closed hydiostatic bag. 
then all pressures, at any one time, would be equal, and leakage fiom a viscus 
would occur only when the pressure within the viscus compared to pressure 
without the viscus was gieat enough to lupture its wall If the diffeiential 
piessure were always the same this would not take place 

Yeais ago, when we used rigid tubes, we made the atmospheie communi- 
cate diiectly with the weakest part of the duct Consequently we nearly 
always had bile leakage At piesent, when one uses a Penrose drain the 
closed container is not sufficiently spoiled so that leakage is not so likely to 
occur , but should the di am be left in long enough, so that its tract becomes 
thoroughly canalized with a rigid inflammatory wall the tube situation will 
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again obtain, and theie will be a point of positive differential piessure at the 
end of the canal at a time when the duct wall was weakest and luptuie of 
the duct could veiy veil occur Should there be a diastasis of the muscular 
abdominal wall six days after operation, the same situation would occui 
Should theie be positne pressuie throughout the entire abdomen, except m 
the neighborhood of the hernia, leakage would occur 

Therefore, in the opeiation foi removal of the gallbladder, m oidei to 
prevent bile leakage it is important to have accuiate closuie of the abdominal 
wall by means of an incision so designed as to make a heinia least likely — 
and no diain' If theie is a possibilit}"- that one may get an early henna and 
a leakage of bile, obviously it is best to have a fistula 

I would say the ideal situation is a ligated duct and a closed abdomen If 
theie IS any doubt about this, use a drain that could establish a fistula but, 
also, that it should be so placed, and the abdominal w'all sutured about it so 
tightly, that the closed containei is not spoiled and that there is the least 
likelihood of a differential pressure at the point at which the duct w^as ligated 

Dr Charles G Mixter (Boston, Mass ) I should like, briefly, to call 
attention to the value of immediate cholangiography m detei mining the safety 
of closuie without diainage Perhaps the most potent cause of leakage is 
back piessuie through the cystic duct fiom impediment to the outflow'’ If a 
lenal catheter is placed in the cystic duct, the valve is obtained in wuthdiaw'al 
of bile, and one can detei mine whether or not a cholangitis exists Secondly, 
if the common duct is visualized and immediate, free flow into the duodenum 
IS demonstiated, one is quite suie that the element of back pressure due to 
impediment of the outflow of the bile into the duodenum is eliminated I be- 
lieve that 111 that selected gioup wheie some of us feel we can close the ab- 
domen without drainage, cholangiogiaphy at the opeiating table gives us an 
added factoi of safety 
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In 1927, Rose^ described a method of obseivmg the leaction of the bladder 
to filling Many communications of mteiest have appeared since, which have 
been lecently reviewed m McLellan's- excellent monograph Cystometry has 
become a most useful aid in stud)nng the behavioi of the bladder Eight years 
before Rose’s fiist publication, Joltiam, Baufle, and Coope^ proposed a method 
of measuring the filling piessure of the laige intestine The}’^ described only a 
few such attempts and drew no impoitant conclusions So far as w'^e are 
aivare, nothing more had been done m studying the physiology of the colon 
by colonmetiy until the method w^as independently lediscovered and put into 
loutine use in the study of neuiologic distuibances in defecation at the Mas- 
sachusetts Geneial Hospital, tw^o yeais ago 

Method — The apparatus employed is very simple, and consists of a 
veitical glass tube manometei one meter m height, connected on one side to 
an intiavenous diip appaiatus and on the othei to a rectal tube (Fig i) The 
reseivon is filled with w^atei at body temperature and the tubing cleaied of 
afr The base line of the manometer is adjusted so that the meniscus of the 
w^ater column is at the zeio mark when the tip of the lectal tube is level with 
the patient’s anus The tube is then inserted a few inches wnthin the rectum 
and held m this position by adhesive tape It is best to have the patient lying 
on Ins back wnth his head comfoitably suppoited on a pillow^ When the anal 
sphmctei is paialyzed the connection can be made water-tight by using a 
Foley bag type of catheter wnth the balloon inflated to 100 cc (Fig i, insert) 
The same device is also useful wdien the test has to be made thiough a colos- 
tomjr opening Once the apparatus is adjusted, w^ater is allow'ed to flow into 
the rectum at a constant rate of approximately 100 cc per minute The 
patient is instiucted to report any sensation of “gas,” “urge to defecate,” or 
cramp-hke pain, wnth its location and intensity Extreme care must be exei - 
cised in any patient with an insensitn^e colon or wnth colonic diverticula lest 
a peitoration be pioduced by ovei distention 

The test is best perfoi med a numbei of hours after the last meal and wdien 
* Read before the American Surgical Association, St Louis, Mo , May 3, 1940 
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the bowel has been recently evacuated A coirect inteipietation cannot lie 
diawn if the patient has been given a cathaitic or narcotic drug 

We wish to point out that the colonmetiogtam does no moie tlian measuie 
the tone, reflex irritability, and sensitivity of the colon as a an hole It gues a 
good indication of the competence of the anal sphincter, but fails to gne a tiiie 



indication of the expulsive pouei of the lectum, which is dependent to a laige 
degiee on the contractile foice of the abdominal musculature and the dia- 
phiagm The integrative mechanism of the lectiim, sphincter am, and peimeal 
muscles must be studied by the moie elaboiate methods which have been 
described by Denny-Brown and Robertson^ Fuithermoie, localized func- 
tional abnoi malities in the lectuin, sigmoid, oi higher portions of the colon 
cannot be diffei entiated It would appeal, hoAAever, that neuiologic dis- 
turbances usually aftect the colon as a an hole, and for this leason Ave have 
found the colonmetrogram to be a simple and Aaluable method of testing the 
nei vous actn ity of the viscus 

iSI ATCRiAL — This iimestigation has been focused on patients Avith disease, 
injury, or operatne lesions of the biain, spinal cord, cauda equina, or pehic 
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nenes which may cause an alteiation of function or sensation in the large 
bowel Sixty-seven colonmetrogi ams have been peifoimed in a series of 40 
patients 

Results — The normal colonmetrogram closely lesembles the cysto- 
metrogram, except for the fact that a fourfold largei volume of water is 
usually lequned for filling Figuie 2 illustiates the compaiatn'e volume of 
fluid vhich is requiied to fill the normal bladdei and colon Whereas the 
noimal adult bladdei holds from 300 to 500 cc at a maximal comfortable 
capacity, the colon holds between 1,500 and 2,000 cc Both hollow viscera have 



SOOce lOOOcc 1500 j 250 cc 500CC 


Volwmt Volume 

Fig 2 — The normal colonmetrogram and cjstometrogram 

a lelatively similai basic tone and leact to sti etching by inteimittent leflex 
attempts to empty This is shown b}' peiistaltic conti actions which last a 
few seconds and send the intravesical and intiacolomc piessuies up to from 
30 to 90 cm A sensation of fulness is produced in the normal colon, as in 
the bladdei , w hen the pi essui e reaches 30 cm , whei eas a contraction which 
laises the column above 50 cm becomes distinctly uncomfoi table The basic 
tone IS seen to use rather steeply as the noimal capacity is appioached, and 
peiistaltic waves occui with inci easing frequency until a state of tetanic con- 
ti action IS leached At this point, fluid usually leaks out aiound the cathetei 
The piessure-volume measuiements can be combined \\ith baiium fluoioscopy 
if a thin baiium mixtuie is used that will not clog the manometei The con- 
ti action peaks are then seen to coiiespond to mass waves of peiistalsis which 
sueep the fluid down into the distal colon Haustial segmentation does not 
produce any waves visible m the manometpi, as no fluid is foiced down the 
canal 

* With slow filling of the colon there is alwajs a possibilitj of leakage througli the 
ileocecal \al\e Short of fluoroscopic examination, this unknown factor cannot be 
controlled, but we have no evidence that it is of importance 
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The smooth muscle m the colon, as in the blacldei , reacts to sti etch stimuli 
by 1 eflex contraction (Denny-Bi own and Robertson^) Colonmeti y m patients 
with various types of neurologic lesions, therefore, brings out changes which 
are chai actei istic of the level at which the nervous system is involved These 
phenomena are identical with those observed in the bladdei (McLellan”), 
and quite similai to alterations in the tendon leflexes 

Typical cases which illustrate the effect of injury to the vaiious segmental 
levels of the nervous mechanism of defecation are appended It must be borne 
m mind that this is a piehmmaiy repoit and that colonmeti y has not been 


Edu n Poroacllor Epidermoid Cys^ 

Colonmet ogrom C jalometfogrofn 


lOO 


100 , 


90 



iDOt. 300« 500., 


90 

80 

70 

60 


O 



Apol K Lefl F rorrlo-Temporol Qliotno 

ColonmelrogrDm Cyslometro3rom 



Volume Volume Volume in ce Volume in ct 

Tir 3 — Case i Hypertonia of colon Fig 4 — C ise 2 Hjpertonn of colon and bladder ob 
and bladder seen in the case of a brain served in an e^tensl\e tumor of the left frontal lobe 
tumor which compressed the hjpothalamus 
and cerebral peduncles 


undei taken on a laige enough senes of cases to draw final conclusions But 
the evidence at hand is entirely consistent and the findings quite similar to 
data obtained fiom the bladder by a gieat many investigators Since con- 
clusions can be diawii only from complete and clearly defined lesions of the 
neivous system, such as can be produced in the experimental animal, this re- 
poit IS necessarily based upon the lelatively small proportion of our total cases 
which fulfill these criteiia 


I LESIONS IN THE BRAIN 

Case I — Edward Af , male, age 15 Epidermoid cjst m floor of left middle fossa, 
with extension across the midline and compression of hypothalamus and cerebral peduncles 
(\erified at autopsy) 
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The patient was intelligent and cooperative There was no clinical evidence of injury 
to the autonomic centers in the hypothalamus Both his c> stometrogram and colonmetro- 
gram curves are leproduced in Fig 3, and reveal an extraordinary hypertonicity of both 
bladder and colon, with entirely normal sensation On a second occasion, the colonmetro- 
gram was repeated with barium and the filling observed fluoroscopically On account of 
the intense muscular activitv of the sigmoid, barium could not be forced up beyond the 
rectosigmoid 

Case 2 — Apol K , male, age 57 Left frontotemporal glioma Diagnosis was 
established only by ventriculography, as the patient subsequently died without operation 
or postmortem examination 

The patient was aphasic, apraxic, and had undergone a pronounced change in per- 
sonality, so that his cooperation could not be counted on with certainty Right hemi- 
paresis and a suggestive homonymous field defect were present On two separate occa- 
sions colonmetry was performed and each time, after 200 cc of fluid had run in, there 
w'as a powerful contraction wave with leakage around the tube Cystometry showed a 
similar degree of hypenrntabihty of the bladder (Fig 4) 

Discu<;swn — The cerebral coitex inhibits the spinal reflex activity of the 
iiladdei" and appaiently of the colon as well It thereby increases the storage 
capacity of these hollow visceia Lesions situated in the cortex or brain stem 
fiequently remove this mhibitoiy action and result m h5fpertonicit3' Sensa- 
tion usually lemains unaltered 

II DFSTRUCTION OF SPINAL COED ABOVE SACRAL LEVEL 
Case 3 — Rita H , female, age 21 Spina bifida from tw’elfth thoracic to fourth 
lumbai vertebra, with infiltrating lipoma 

The patient had had spastic legs and absence of sensation below her eleventh thoracic 
segment since infancj In 1933, Dr W J Mixter lemoved a mass of fatty tissue which 
compressed the lower end of her spinal cord from the twelfth thoracic to the fourth 
lumbar vertebra Little improvement followed, and the patient had just managed to get 
about w'lth the aid of leg braces and a pair of crutches, but had had the good fortune to 
have an adequately functioning automatic bladder 

Her colonmetrogram (Fig 5) shows an unusual hypertonicity of the colon w'lth 
frequent peristaltic waves and fluctuating alterations of pressure from 40 to go cm 
Fluoroscopic observation duiing a barium enema revealed an abnormally large colon wnth 
deep peristaltic waves which sw'ept over its transverse and sigmoid loops The barium was 
repeatedly forced doivn against the Foley bag and leaked around it when the balloon was 
not drawn tightly against the anal sphincter The patient’s only knowledge of filling 
W'as brought to her by the increasing spasticity of her legs It is surprising that an 
indiiidual with such an unusually hypertonic colon should be very constipated and only 
able to move her bowels w'lth difficulty once a week 

Case 4 — Stephen C, male, age 18 Epidural abscess in upper thoracic spine (T4 
to T6), drained four weeks previously 

In this case an extradural collection of pus had compressed the spinal cord and 
resulted in a spastic paraplegia with very feeble movements m the left leg and paralysis 
of the right Anesthesia was complete in his right lower leg, but some position and 
pain sensation remained on the left Colonmetry reiealed an increase of tone nearly as 
intense as that show'n m Figure 5 His sensation of filling, w'hich w'as not destroyed, 
was most peculiar He neyer felt the usual suprapubic cramp-hke discomfort, but at 
300 cc noted discomfort m his penis and rectum and at 700 cc complained of fulness m 
his chest Abnormal subjective localization of sensation is not unusual after incomplete 
spinal injuries and is often seen on distending the bladder, compression of the testicle, and 
c\en on cutaneous stimulation 
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Discussion — Unfortunately, we have not } et been able to obtain a colon- 
metrogiam immediately after a tiansverse injury to the spinal coid in its 
cervical oi thoracic portions Dm mg the stage of “spinal shock” theie is a 
flaccid paralysis of the limbs with abolition of the tendon leflexes It is also 
well established that there is a flaccid paralysis of the bladdei, since cystometry 
shows practically no rise in tone oi peiistaltic contractions, even ^^hen a laige 
amount of fluid is run in During this stage of geneial reflex depiession, 


patients have abdominal distention with 
no audible peiistalsis, and usually fail to 
expel an enema or even gas thiough a 
lectal tube Plain roentgenogi ams le- 
veal large quantities of gas tiapped in 
the small and laige intestines We have 
colonmetnc and cj^stometric evidence in 
two patients, secured between two and 
thiee weeks after transveise spinal in- 
juries, that the colon lecovers its muscu- 
lar tone more rapidly than the bladder, 
since in both of these patients the atonic 
stage peisisted in the bladdei, wheieas 
the colon was ah eady developing its 
chronic hypei tonic state 

The remarkable hypei tonia which 
soon develops after high injuiies to the 
spinal cold is well shown m Figure 5 
These physiologic changes in the spastic 
colon have not been adequately desci ibed 
previously, but they closely resemble the 
condition observed in the bladdei by 
Munro’ and McLellan- aftei satisfac- 


Rilo H SpinQ QiPida Ljilh Uyel'l'S oV T(/ 


Colon metro gram 



I'lG 5 — Case 3 The ‘reflex colon” 
with extreme hjpertonn. after a trans\erse 
spinal lesion at the ele\enth thoracic seg 
ment 


toiy tieatment and lecovery of automatic 
bladdei function The abnoimalities 


obseived in this gioup of patients are not unlike those in the pieceding gioup 
with intiacianial lesions, except for the fact that patients with spinal injuiies 
have httle 01 no sensation Both gioups may have sudden and impeiative 
necessity to defecate 01 uiinate, or in spite of then hypeiactive leflex tone 
may be definitely constipated, but the patients with spinal injury often do not 
know when they ai e soiling themselves 


III DESTRUCTION OF SACRAL CENTERS IN CORD OR CAUDA EQUINA 

Case 5— Herbert AI , male, age 43 Fracture of the twelfth thoracic xertebra one 
iear previoush% with compression and injury to cord 

A fall from a scaffolding had resulted in paraplegia, for wdiich a decompressive 
laininectomj from the cle\ enth thoracic to the second lumbar x ertebra had been performed 
at another hospital Thereafter he liad recox ered to a remarkable degree, so that he 
could walk without support, altliough his legs remained somewhat weak and Ins tendon 
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reflexes nearly flaccid He had regained sensation down to the fourth lumbar segment, 
but remained totally anesthetic over the sacral dermatomes His bladder, which had been 
treated by prolonged catheter drainage, was ngid-walled and contracted to lOO cc 
maximum capacity It was totally insensitive and dribbled constantly His anal sphincter 
was also paralyzed, but he had not suffered from incontinence 

The colonmetrogram (Fig 6) shows the characteristic hjpotonia and absence of 
peristaltic wa%es commonly seen in injury to the sacral centers of the spinal cord or more 
distal structures Accurate sensation ivas gone, although he mentioned a peculiar feeling 
in his left testicle at a filling of i,ooo cc and a slight desire to defecate at 2,000 cc At 
2,800 cc he felt nauseated, but he had no pain or true sense of distention In spite of 
these abnormalities the patient did not complain of any difficulty with his bowels 

Case 6 — Emma H , female, age 43 Paralysis of lower sacral nerves after intra- 
thecal alcohol injection 

Two intrathecal injections of 08 cc of absolute alcohol had been performed upon 


Hcrter^ M Cornpi'esaion Froe^ure I** tumbor V< Wbro Moi* pcrjaVolhc uoi'ej obstof 



Volume ift tc 

Fig 6 — Csse s The atonic colonmetrogram found after injnr} to the ■sacral segments of the spiml cord 

this patient six days apart, for the relief of a painful thigh amputation stump After 
the second injection she complained of great difficulty in emptying hei bladder, with 
absence of sensation on micturition or defecation She developed a large urinary residual 
and had to be placed on tidal drainage In addition, she noticed that it was difficult 
to move her bowels without an enema On neurologic examination, abnormal findings 
uere localized to the structures supplied by the second to fifth sacral nerves They con- 
sisted of a narrow zone of anesthesia around the anus and foiward over the perineum to 
the labia minora, and weakness of her sphincters 

Both her colon and cystometrograms disclosed a state of atonia and flaccid paraljsis, 
with nearlj complete loss of sensation (Fig 7) Peristaltic waves appeared in the 
colonmetrogram, and the patient noticed an aching sensation above her umbilicus only 
after distention to 1,700 cc The bladder was more severely injured and showed no 
muscular response to stretching 

Discussion — Destuiction of the cauda equina, 01 of the sacial segments in 
the spinal cord, pioduces a seveie functional disturbance of the colon as well 
as the bladder, because the sacral pathways which transmit the contraction le- 
flex are intenupted Fluoroscopic observations show a loss of peiistaltic lUsh 
waves, but haustral segmentation remains Loss of sensation m the lower half 
of the colon is complete (Fig 7) It is theoretically possible that the cecum 
and ascending colon may letain some residual sensation, as this area is sup- 
posed to leceive its innervation from the splanchnic trunks Although the 
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sensation of a full lectiim is abolished and the anal sphinctei paial}/ied the 
patient may notice few symptoms hej^ond mild constipation and soiling uhen 
he has dianhea Expeiimental megacolon has been pioduced m animals by 
Adamson and Aiid*^ by cutting the pelvic neives. and it would seem as though 
such a condition were developing m Case 5 


Emma H Poralijail Louier Soerol Ncri/cs (-from mlroHittcol olcoKol miecTtonl 
Colonmelrogrom 


E 
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Fig 7 — Case 6 lUpotonia ot colon ami -itonn of bladder after clienncal injurj to lower 

sacral roots in cauda equim 


IV DESTRUCTION OF LOWER SENSORY NERVE ROOTS AND 

POSTERIOR COLUMNS 

A In Syphilis of Cential N'civoiis System 

A few months before this investigation was begun, a male, age 57, cntei ed tlie hospital 
for treatment of long-standing neurosyphilis He gave a history of increasing constipa- 
tion and abdominal distention These symptoms had followed a recent onset of numb- 
ness and ataxia m his legs In a plain abdominal roentgenogram the right half of the 
colon and lower ileum were seen to be distended with gas The cecum was huge In 
addition, he had an enormoush’^ distended bladder Both the blood Hinton and spinal 
fluid Wassermann tests were positive His spinal fluid examination gave normal pressure 
and dynamics, two hmphocytes, a total protein of 67 mg , and gold sol 5555532100 
In addition to the tjpical pupillary findings, ataxia, and loss of deep reflexes, he showed 
an unusual degree of muscular w^eakness in his legs wnth loss of pain and temperature 
sense Because the reason for his distention w'as not recognized and it was felt that 
rupture of the cecum -was imminent, a cccostoni}’- was performed The cecostomj tube 
failed to dram and the abdominal distention continued Signs of bronchopneumonia set 
m and he died m four days Autops}”^ re\ealed no peritonitis 01 organic obstruction, but 
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a thin-walled and enormously dilated colon, moderate distention of the small intestine, and 
a h) pertrophic, chronically dilated bladder Gross and microscopic examination of the 
brain and spinal cord established the diagnosis of meningovascular syphilis with recent 
patchy ischemic lesions of the spinal cord 

The patient died of paialytic ileus The process involved his entire intestinal tract, 
but most particularly the cecum and ascending colon From what we have learned 
through subsequent investigation the evidence clearlv indicates that the acute intestinal 
paralysis was caused by a syphilitic vascular process with acute degeneration of the 
sensory and reflex mechanism which mediate defecation 

Colonmetry has since been carried out m three other patients wnth neuros^phllltlc dis- 
turbances of defecation 

Case 7 — Frank C , male, age 72 Taboparesis w'lth megacolon 
This patient, the first to be studied bv colonmetry, entered the hospital in December, 
1938 He W'as a Cape Verde Island Negro, w'lth much mental detei loration, and an 


Frank C Neurosyph>l»s m^h Megoeoton and Parol^hc Xleui 



Volume m c£ 

I 10 8 — C'lse 7 Extreme atonn nnd niegicoloii which mij occur in neurosiphilis with nnohement 

of postcuor root fibers in sncnl cord 

enormously distended abdomen He said that the illness had begun four months before 
with pain m the abdomen and increasing constipation Although vomiting was denied, 
peristalsis W'as visible and audible His pupils W'ere unequal and did not react to light 
Position sense in his hands and feet w'as practically nonexistent and his gait moderately 
ataxic His knee jerks w'ere much reduced and ankle jerks absent Examination of the 
cerebrospinal fluid was characteristic of general paresis, ic, protein 45 mg , eight cells 
(Ijmphocjtes) , Wassermann positive, and gold sol S555532110 

Operation for intestinal obstruction was consideied, but Dr G W Holmes, w'ho 
examined the plain i oentgenograms, made the diagnosis of niegacolon and felt that this 
could be on a luetic basis Therapy consisted in colonic irrigations w'hich removed an 
enormous quantity of fecal material and reduced distention 

A coloiimetrogram was performed, using a dilute barium mixture and conibiniiig 
fluoroscopic observation w'lth determination of intracolonic pressure (Fig 8) At the 
time of this test his colon w'as already distended with a laige amount of barium wdiicli 
he had been unable to expel after a previous fluoroscopic examination, yet he w'as able 
to hold an additional 3,000 cc w'lthout any sense of distention or evidence of peristaltic 
contractions A evstometrogram, made a few dajs later, did not show' a similar degree 
of bladder atonia, although the patient noticed no sensation until o\er 500 cc of liquid 
had been introduced 

Colon- and cystometi ograms weie made upon tw'o other patients woth 
latent neinos3'philis Both had positive spinal fluid flndmgs, but faded to show' 
charactei istic neurologic signs of the disease The fiist case was of interest 
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from a geneial suigical Mcwpomt because constipation and stiaining at stool 
had caused a recuiience of his bilateial inguinal heiniae aftei caieful lepau 
earned out with fascia lata Although his cystometi ograin was noiinal, a 
colonmetrogram disclosed a laige bowel of abnoimal capacity (3,000 cc ) with 
low basic tone, absent peristalsis, and maikedly diminished sensation He was 
able to move his bowels only with extreme difficulty every thiee to five days 
and it was felt that this was the cause of his lecuiient heiniae The second 
patient was tested loutmely while he was in the hospital foi investigation of 
a urinaiy lesidual of fiom 120 to 400 cc Cystometi}' showed a typical tabetic 
bladdei with veiy poor tone and greatly 1 educed sensation His colon had an 
equally low basic tone and feeble peiistalsis, although its sensation was within 
the noimal lange 

B In "Combined System Disease” of Spinal Coid 

Case 8 — Jolin D , male, age 6 g Pernicious anemia with spastic-ataxic legs and 
retention of urine from subacute degeneration of posterior and lateral columns of spinal 
cold 

Unsteadiness in gait had forced the patient to use a cane for three \ears Sixteen 
months before admission he had lost all position-sense in his legs and the abilitj' to walk 
at all Difficultj' in urination had been piesent for a w'eek and progressed to complete 
retention in the last 24 hours , constipation had been troublesome for many years Blood 
examination show'ed R B C 2,500,000 Hemoglobin 55 per cent Color index i i Gastric 
acidity was absent in fasting stomach contents and after histamine Neurologic examina- 
tion show'ed extreme ataxia and spasticity He had sufficient strength in his legs to 
stand, but no sensation below' the knees and an absence of position and vibiation sense 
from the w’aist dowm In addition his legs w'cre extremely spastic Figure 9 show's an 
atonic dilation w'lth absence of peristalsis and abnormal sensation in both the colon and 
bladder 

Discussion — In both tabes dot sabs and combined system disease of the 
spinal cold theie is mjuiy to the posterioi columns of Goll and Buidach,” and 
111 tabes to the sensoiy loot fibeis as ivell In the tabetic, the spinal stietch 
leflexes aie abolished and reflex contiactility of the bladdei and colon may be 
lost In combined system disease, wheie there is usually degeneiation of 
both the p}iamidal and dorsal tiacts, the legs may become spastic As w'e have 
seen, spasticity alone is usually accompanied by hypeitonia of the colon and 
bladdei, but w'henevei theie is extensue damage to the posteiioi loots which 
cairy sensation fiom the colon and bladder, or of the leflex aic at any point, 
an atonic dilatation w'lll result The so-called “tabetic bladdei” has long been 
lecognized as a dreaded complication of syphilis of the spinal coid, and a 
similai condition in seveie primary anemias and cachexias is well known 
But it IS not common know'ledge that the degenerative piocess may also 
destroy the detiusoi mechanism of the colon We w'lsh particularly, to bung 
this to the attention of suigeons, so that it may be lecognized that these con- 
ditions can pioduce megacolon, simulate intestinal obstruction, and cause a 
bieakmg dow'ii of heiniae which have been adequately lepaiied 

In addition to the typical neuiogenic distui bailees of defecation desciilied 
above, w'e ha\e obtained colonmetiic evidence of dilatation of the colon with 
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severe degrees of hypotonia in psychotic depressed patients and others after 
prolonged constipation fiom neglect A flaccid dilatation of the colon has 
often been observed during fluoroscopic examinations in this group of patients 


John D Megoeolon and Ahomc in combined DegeneroKon oC 5p Cord 
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Ttc 9 — Cise 8 rhccid I)inl><;is of colon and Idaddei with dilatation seen in a patient 

\Mth combined sjstcm disease 

by Di J R Lingley,® wlio has made a special studj'^ of this pioblem The 
condition may be classified as “acquned megacolon” and is not due piimarily 
to lesions of the descending pathways oi of the spinal leflex aic 
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Gciteial Discussion — Injuries to the brain, spinal coid, and sacral para- 
s}mpathetic nerves may be followed by seiious distiubances in defecation 
Similai neurogenic distiubances in vesical function have been recognized for 
>eais and lefeiied to, both ungi ammaticall)' and unph3'siologically, as “coid- 
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bladder” Through the physiologic iin estigations of Elliott,” and the more 
recent neuiologic and clinical studies of Demi} -Brown and Robeitson,^” 
Langiioithy and Kolb,’^^ Munio'^ and McLellan,- it has been established that 
the bladder leacts reflexly to distention and sti etching of its iialls Since this 
lesponse of smooth muscle is mediated by a leflex aic thiough the spinal cord 
it IS affected by a neuiologic lesion m a mannei quite analogous to that 
observed in skeletal muscle It is the puipose of this communication to sho^^ 
that a similai mechanism governs the activity of the colon and that iiijuiy to 
Its coitical centers, descending pathways, or leflex aics can be fitted into an 
exact neuiologic classification By obseiving the leaction of the colon to 
distention, we can deteimine whethei its muscular tone is noimal, iiici eased, 
deci eased, or absent , whether the upper oi lowei motor neuron is functioning 
abnormally, and whether the lesion involves the sensoiy oi the motor poition 
of the reflex aic 

Disease oi injuiy of the brain and descending tiacts of spinal cord le- 
moves ceiebial control over the reflex peiistaltic conti actions which sweep 
the fecal contents dowm the colon and pack it into the lectum In the baby, 
and in some adult idiots, ceiebial voluntary control of mictuiition and def- 
ecation IS not developed Uime and feces aie ejected at iiiegulai intei\als 
in response to a stietch leflex With the giadual development of coitical 
function, a cerebial control is established ovei these spinal leflexes Its 
elimination lesults in increased leflex conti actions m the smooth muscle 
wdiich lines the hollow^ visceia Injtiiy to the brain oi to the tracts in the 
spinal cord piodtices an identical increase in the tone of the colon and bladder 
Aftei the initial flaccid paialysis has been leplaced by the permanent spastic 
state, a i eversion to the infantile condition is common, wnth precipitate evacua- 
tion of mine and, to a lesser extent, feces In spinal lesions sensation is lost 
111 addition to coitical control The lesulting disturbances aie showm m 
Figures 3 to 5 

Elliott” found that destruction of the spinal cord at progressively low’^ei 
levels did not destroy leflex evacuation of the bladdei until the second, thud, 
and fourth sacral segments were lemoved Destiuction of these segments, 
w^hich give rise to the paiasympathetic motoi as w^ell as the sensoiy fibeis to 
the bladdei, abolishes reflex activity This also appears to be the case wuth 
the colon in man It wmuld seem, furtheimoie, that the sacial neives con- 
stitute the only motoi and sensory pathw'^ay to the colon We have made 
colonmetiic studies upon two patients befoie and after extensive lumbai 
ganglionectomies, and on two otheis wuth bilateial lumbar ganglionectom}’- 
plus splanchmcectomy, and have been unable to detect any significant change 
eithei 111 the motoi 1 espouse to filling or m sensation^ Figures 6 and 7 
illustiate the 1 eduction 111 tone and peiistaltic contractions wdiich, together woth 
a loss of the normal sensation of distention, characterizes destruction of the 
spinal leflex aic, 7 c , cells in the sacial segments of the cord 01 of their axones 

* The conclusion that the tlioracolumbar sj mpathetic rami carr}"- no important sensori- 
motor fibers to the bladder has alread}" been reached by J^Iunro^ and McLellan “ 
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in the cauda equina and pelvic nerves Lesions of this sort cause a much 
greater distuibance in the excietoiy piocesses than those which affect the 
tiacts and hi am 

An even greater disturl)ance of the bladder and colon results fiom destruc- 
tion of the aflfeient fibeis in the posterioi sacial roots oi m the sacial portion 
of the spinal cord The hladdei distuibances m tabes doisahs and combined 
system diseases have been commonly recognized, but this has not been the 
case with the colon Distuibances of the nervous mechanism that evacuates 
the colon may be veiy seveie and lead to fatal ileus oi simulate intestinal 
obsti uction Because the pai a^’sis of the colon is of the flaccid type, colostomy 
is moie likely to do haim than good These patients may also develop stiikmg 
degrees of megacolon (Fig 8), but there is no leason to suppose that the 
dilated, atonic bowel can be impioved by s3’mpathectomy The only logical 
way to handle these conditions is by eaily, adequate treatment The filling 
cuives of the bladder and colon should be determined when the patient with 
neurosyphihs oi pernicious anemia first complains of sensor}'- distuibances, 
because medical tieatment of these diseases can prevent their neurologic com- 
plications fai more effectively than it can correct them m their advanced 
stages 

A final point, which we ^^lsh to emphasize, is that the neuiogenic mecha- 
nism IS not necessaiily upset to the same degree in both bladder and colon 
For example, the filling curves m Case 6 (Fig 7) illustrate a distinctly greater 
loss of tone and reflex activity in the bladdei than in the colon On the other 
hand, in Case 7, and in the next patient with neuiosyphilis described above, 
theie was much less paialysis and sensor} loss m the bladder than m the 
colon While the leflex aics to the bladdei and colon follow a closely similar 
course, it is evident that they ai e not exactly similai 

CLASSIFICATION OF NnUROOrCNIC DISTURBANCES OF THE COLON 

Munro^ has proposed a valuable classification of bladdei distuibances 
which result from neuiologic lesions This has been expanded in McLellan s- 
lecent monograph on the “neurogenic bladdei ” The same classification can 
be applied ^\lth equal satistaction to neurogenic disturbances of the colon, 
and is leproduced, heiewith, in the foim given by McLellan with necessaiy 
minor adaptations to the colon This classification should be compaied with 
the data given in Table i 

GROUP I THE UNINHIBITED COLON (riGS 3 AND 4) 

Resulting fiom lack or loss of ceiebial inhibition, eithei fiom failure of 
development, coitical disease, or subtotal desti uction of the spinal cord path- 
nays — defecation is imperative, but voluntary Sensory pathways are intact 

GROUP 11 Tnr RErLFx COLON (fig 5) 

Resulting iiom nidespiead injuiy of the controlling mechanisms from 
disease or injury of the biain (sensoiy as well as motor cortex or biain stem), 
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01 from destiLiction of the cord (above tlie sacial segments) — defecation is 
purely leflex, liut often less imperative oi piecipitate than the evacuation of 
urine Sensation is abolished 

GROUP III THE AUTOXOMOUS COLOX (FIGS 6 AXD /) 

Resulting from nucleai oi mfianucleai lesions of the sacial coid, cauda 
equina, oi sacial plexus with mteiiuption of both affeient and effeient fibeis 
of the spinal reflex arc Only segmental peiistalsis (haustial mai kings) le- 
mams and is piesumably mediated by the mtimsic plexuses of Meisnei and 
Aueibach Emptying of the colon is impaiied, but less so than the bladder 
Mild degiees of megacolon may lesult Sensation is abolished 

GROUP IV THE ATOXIC COLOX (fiGS 8 AXD 9 ) 

Resulting from lesions of the pelvic parasympathetic neives, oi posterioi 
sacial loots and columns with mteiruption of the affeient fibeis of the leflex 
aic Theie is a piofound distui bailee of normal voluntaiy and leflex evacua- 
tion, which may be as seveie m the colon as m the bladdei Extieme degrees 
of megacolon may lesult Sensation is abolished 

SUMMARY AND CONCLUSIONS 

(1) The colonmetiogiam is the filling cuive obtained by slowly distending 
the large intestine with Maim M^ater The resultant graph, m Mdiich the in- 
ti acolonic piessuie IS plotted against the volume of liquid mtioduced, closely 
resembles the cystometi ogi am A noimal colon can accommodate itself to a 
volume loughly four times gieatei than the bladder 

(2) Colonmetiy gives a pictuie of the motor activity and sensation of the 
colon as a vdiole It fails to bring out circumscribed distui bailees m the 
lectiim, sigmoid, oi uppei poitions of the laige boM^el This is not a seiious 
objection m neive lesions, because neuiogemc disturbances charactei istically 
affect the entiie length of the colon 

(3) The longitudinal and ciiculai smooth muscle of the laige intestine 
leacts to increased filling by pei iodic attempts to evacuate This is illustrated 
111 the colonmetrogi am by mteimittent uses m piessuie and m the fluoioscopic 
examination by peiistaltic lush M^aves Mdiich SM^eep the fecal contents doMui 
into the 1 ectum 

(4) The peiistaltic contiactions aie a foim of “stietch-reflex ” The 
afferent and efferent aics of this spinal leflex lun ovei the paiasympathetic 
sacial lami, the second thud and fouith sacial loots m the cauda eejuma, 
and the coriespondmg segments in the loM’^ei end of the spinal cord 

(5) The noimal patient becomes aM’^are of a sensation of filling m his colon 
01 bladdei at a piessure betMeen 20 and 30 cm of vatei At 40 to 50 cm 
there is a real uige to defecate 01 urinate and at higher piessuies distinct Iom' 
abdominal pain 

(6) Lesions to the hi am spinal coid, and sacial nerves produce char- 
actei istic distui bailees m the plnsiologic mechanism of eNacuation mIhcIi are 

1055 



WHITE, VERLOT, AND EHRENTHEIL DSber^To'Ifi 

common to both colon and bladder These aie analogous to alterations m 
the knee jerk and other tendon jeiks, which are dependent upon the stietch- 
leflex of skeletal muscle 

(7) The colonmetrogiam shows a hypertonic response to filling with 
lesions of the motor fibers in the biam 01 in the descending spinal tracts 
(spastic paialysis) , and an atonic bowel when the lesion is situated in the 
sacral segments of the coid, cauda equina, or pehic plexuses (flaccid paialy- 
sis) In addition, much depends on the degiee of sensoiy loss, the seveiest 
giades of paialysis being found in patients with degenerative disease of the 
sensoiy fibeis m the sacral coid 

(8) These changes aie illustiated by a series of colonmetrogiams obtained 
fiom patients with lesions at vaiiotis levels of the neivous system 

(9) It IS shown that the same neuiologic classification that has been 
adopted foi injuiies of bladdei inneivation can be applied to the colon The 
colonmeti ogi am, like the cystometiogram, is a valuable aid foi differential 
diagnosis of the level of the neivous system which is destioyed by injury 01 
disease 

(10) Neuiologic distui bailees of defecation, which are of importance to 
the geneial surgeon, can best be evaluated by colonmetry These compiise 
cases of acute ileus seen after injury to the spinal coid and in laier instances 
of spinal neuiosyphihs A vaiiety of megacolon, as well as of atonic paralysis 
of the bladdei, is not uncommon m patients with neuiosyphihs 01 combined 
system disease These patients are foiced to stiain so haid to move then 
bowels that heiniae may be pioduced In addition, the patient with spastic 
01 flaccid paiaplegia often complains of difficulty m evacuating his bowels as 
well as his bladdei 

We wish to express our thanks to tlie members of the Roentgenologic Department of 
the Massachusetts General Hospital for their assistance in studying pressure-volume 
reactions of the colon by direct fluoroscopic observations in the course of colonmetry 
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Discussion — Dr Peter Heinbecker (St Louis, ilo ) I wish to 
express our giatitude to Doctor White foi this presentation in wdiich he has 
depicted foi us the development of colonmetrogi aphy I feel that this method, 
especially when combined wuth anesthesia at the propei level, should help us 
to decide whether or not mteifeience wuth the sympathetic neive supply would 
do good m many cases of functional distuibance of the bow^el 

Dr James C White (Boston, ]\Iass , closing) I might take just one 
moment to say that I think the next stage m this wmik is going to be to see 
wdiat happens aftei different opeiative lesions I know' that aftei a satisfacton 
cordotomy the bladder sensation is little changed and the bladdei reflexes aie 
pieserved We have been mteiested m doing colonmeti ogi ams as well as 
cystometrogiams aftei injuiy to the sympathetic pathw'ays alone We ha\e 
found that the colonmeti ograin m a patient after bilateial lumbai ganghonec- 
toiny for Raynaud’s disease or m a patient m wdiom the uppei lumbar ganglia 
as w'ell as both splanchnic nerves have been lemoved foi hypei tension, show's 
no change in the motor 1 espouses of the colon 01 bladdei W e have not been 
able to detect any sensoiy changes eithei All of these tests have been made 
upon normal colons, and it looks as though all sensation, as w'ell as all motoi 
contioi. must come over these second, third, and fouith pans of sacral paia- 
sympathetic rami That is the conclusion reached by iSIunro, McLellan, and 
Denny-Brow'ii and Robeitson, who did such careful w'oik on the bladdei, and 
by the last tw'O mvestigatois for the lectal mneivation as w'ell \\''e w'ondei 
W'hat happens in children w'lth Hirschspi ting’s disease, w'ho w'e know' leact 
so W'ell to lemotal of the sympathetic neive supply To date, no oppoitumty 
has piesented itself to test the motor and sensoiy 1 espouses in a case of 
megacoloii befoi e and after sympathectomy 
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FROM THE DIMSION OF SURCFRl ^OUTH^^ FSTEUN UM\ FRSm MFDICAL SCIIOOT rniCArO II L , AND TIIF CUSIIISG T1 MOR 

ni-GISTRY IIA^F^ CONN 

It is not an uncommon expeiience foi the neurologic surgeon to be 
consulted by a patient who has suddenly developed unilateral paralysis of the 
evtra-oculai muscles, pain oi numbness in the aieas of distribution of the 
trigeminal neive, and even signs of destruction of the cianial nerves which he 
in the posteiior cianial fossa, with little or no evidence of an increase in m- 
tracianial piessure 

Such symptoms should suggest seveial possible mti acranial lesions, not 
tbe least of winch is an extension of a malignant tumoi of the nasophaiynx, 
accessory nasal sinuses, oi middle eai cavit}' We have lecently had occasion 
to study the histones of 15 such patients with malignant neoplasms of the 
upper respiiatoiy tiact Nine of these cases weie fiom the files of the Cushing 
Tumoi Registiy, and the othei six patients weie refeiied to us for neurologic 
consultation and treatment We have been so impiessed by the uniformity 
of both the eaily and late symptoms in these patients, as well as by the fact 
that they fiequently have not had an adequate eaily examination of their 
phaiynx, nose, and ears, and have not had a complete history recoided, that 
we believe that a lestatement of the early symptoms is particulaily impoitant 
Goidon New,^ m 1922, emphasized the fact that the effects of the legional 
metastases of nasopharyngeal malignancies, such as facial pain and diplopia, 
and not the effects of the piimaiy lesion, may bung tbe patient to tbe physi- 
cian It was his plea, then, that the cai ly symptoms of such tumors be recog- 
nized foi tbeir full value It is true that the signs of metastases may develop 
lapidly, but m the 15 cases which we have studied this nevei occuired m the 
absence of unmistakable signs of the primaiy tumoi, which should have been 
piovocative of a careful examination, if not an actual diagnosis 

A patient with a malignant tumor of the nasophaiynx which is still a local 
giowth ma)'^ complain of a stuffiness 01 feeling of fullness in the nose, and 
fiequently theie is a thin, watery nasal discharge, or even mucopus Slight 
01 massive spontaneous nasal hemoiihages occui from time to time Anosmia 
and fetoi may be piesent A fulness in tbe ear, peibaps witb tinnitus, will be 
relieved only tempoiaiily by eustachian insufflation There may be a com- 
plaint of model ate earache, with pain radiating down the wall of the pharynx 

* Presented b^ title before tbe American Surgical Association St Louis, Mo , Maj 
1 2, 3, 1940 
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into the neck Deafness may cause the patient to seek an examination of his 
eais, and one oi botli drums will be found to be dull, scleiotic, and letracted 
Not infiequently a seiopuiulent discharge appeals suddenly fiom the middle 
eai and diains peisistently from an opening m the drum Very fiequently 
theie IS unilateial ceivical adenopathy and occasionally it is bilateral The 
patient may complain of a feeling of thickness m the region of the soft palate, 
sii allowing becomes difficult, and the speech becomes nasal m quality Almost 
always theie is either a localized headache oi pain m the tiigemmal aiea of 
the face , sometimes the patient locates the pain only vaguely, deep within the 
face 

Any patient with such a tiain of sjmiptoms obviously deseives a thoiough 
examination by someone competent to lecognize even a small lesion which ma} 
he in the pharyngeal or nasal cavities Nasal polypoid masses aie not ah\a)s 
“simple polypi”, a “hypei plastic” nasal, oi phaiyngeal mucous membiane 
lequiies moie than casual obsei vations , nasal dischaige oi epistaxis nevei 
occuis without good cause, “thickening” of “nodules” m the vault of the 
phaiynx may not be “lymphoid hyperplasia”, sinus membianes may be moie 
than “cystically degeneiated” or “chronicall}' thickened”, and facial pain can 
be caused by disease other than infected teeth oi tonsils In shoit, a painstak- 
ing examination of the eais, sinuses, nasal passages, and nasophaiynx must be 
accomplished, and it is a laie patient indeed who cannot be so examined, 
either by diiect view with a nasophaiyngoscope oi indiiectly with a miiioi 
Any mass, thus discovered, should be biopsied and the patient held under 
obsei vation until a diagnosis has been made It must be emphasized, also, 
that the biopsy should not be too supeificial, for some caicmomata of the 
nasophaiynx may, especially in their eaily stages, be submucosal, and a shallow 
biopsy will reveal only lymphoid infiltration Roentgenogi aphic evidence of 
an eaily malignancy in the epipharynx, nose, oi eai is usually lacking 

If a malignant tumor is discoveied, deep roentgenotherap) or radium 
treatment may be begun at once, and while the giow'th is still local the piog- 
nosis is not too unfa voi able Examination having failed to disclose a giowTh, 
01, as is moie often the case, no examination having been made, the patient 
next appeals wuth unmistakable signs of mtiacianial spiead, and the eventual 
outlook IS then geneially unfavoiable A unilateral pi unary lesion often pre- 
sents early only unilateial symptoms, but the signs of intracianial extension 
aie fiequently bilateral or even conti alateral The spieading tumor, extend- 
ing along the flooi of the cranium, may oi may not produce blindness, but such 
blindness is due to direct piessure and iinasion of the optic nerve, and is not 
the lesult of postedema atiopln The third fouith, and sixth nenes aie 
usuall) imolved eaih m the spiead of the gi owing mass so that diplopia of 
mci easing sevent} becomes a souice of great concern to the patient Complete 
ptosis and ophthalmoplegia aie common in the later stages Pain m the area 
of supply of any one oi all, of the blanches of the tngeminal nerve frequentl} 
appeals and a full blown Giadenigo s\ndiome ma} dexelop, which, with a 
dischaiging eai, will sometimes be the source of confusion in diagnosis The 
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facial pain is usually not paroxysmal but is frequently felt as a deep-seated, 
poorly localized distress, and not uncommonly an area of hypesthesia or actual 
sensory loss will be found on examination The occasional patient develops a 
complete facial paialysis, and tinnitus or vertigo is a usual and early sign of 
intracranial spread to the posteiior cranial fossa Deafness was complete in 
three of oui cases Palatal weakness with the resultant changes in speech and 
deglutition, togethei with nausea and vomiting, speaks foi an expansion of the 
tumor along the brain stem Again, roentgenograms, moie fiequently than 
not, will show no bony changes, and, indeed, at this time they aie haidly 
needed, foi with such positive evidence of the location of a spieading tumor, 
the diagnosis becomes self-evident The gross appeal ance of the mass in the 
nasophaiynx at this late stage is so characteiistic that biopsy becomes meiely 
a confirmatoiy pioceduie 



Tig I 11 Fig 2 Fig 3 


Fig I — Case i One iveek after operation Showing the complete ptosis of the left upper Iid 
which had been present for six weeks 

Fig 2 — The same patient looking to the right, showing the ophthalmoplegia on the left 

Fig 3 — The same patient looking to the left There was no motion in the left eje upon looking 

in an> direction The pupil was fixed in moderate dilatation, and the eje was complete!} blind 

Two typical cases which have been undei oui direct obsel^atlon and care 
aie leviewed briefly 

Case I — L K , a\ hite, male, age 45, had suffered from a left-sided headache for 
seven weeks, localized vaguelj behind the left eye, and for five weeks had noted a 
progiessiv'e ptosis and dimming of vision of the left eje Upon his fiist admission to the 
hospital there was a complete left ptosis, left ophthalmoplegia, loss of all vision m the 
left eve, dilation and fixation of the left pupil, and loss of sensation to pain and light 
touch over the left cheek (Figs i, 2, and 3) He had had a “stuffy” left nostril for 
some time without any other sign of respiratory infection He had lost 15 pounds in 
weight There was no loss of smell, hearing, taste, or the ability to move either side of 
the face, to sw'allow', or to speak normallj' Casual examination of the nose and throat 

revealed nothing, but upon careful inspection of the superior meatus on the left a graj, 

firm, cartilage-like mass was seen, obscuring all view of the ethmoid area It was painless 
and bled but little on being touched Roentgenograms revealed a beginning erosion of the 
floor of the left middle cranial fossa A subtemporal exploratory operation, under local 
anesthesia, brought into view a tumor mass Iving anteriorly, under the wing of the 
sphenoid bone, deep vv'ithm the middle cranial fossa Tissue from this tumor and from 
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that of the nose revealed a mj'xoid t3'pe of sarcoma with frequent islands of cartilage and 
few' mitotic figures (Figs 4 and 5) 

The patient had several attacks of nosebleed while 111 the hospital but he made a 
prompt recovery from his operation Deep roentgenotherapy was started at once follow- 
ing w'hich he felt somew'hat improved, but though there w'as some improvement m the 
ptosis on the left, there w'as progressne loss of MSion m the right eje, so that he was 
totally blind in both eyes two months after he w'as first seen At no time w'as there 
any papilledema Four months after his operation, he was admitted through the 
emergency w'ard follow'ing a massive and uncontrollable nasal hemorrhage The nasal 
tumor had become a huge, ulcerated mass, completely filling the left side of the nose 
and nasopharynx There w'as at that time a complete recovery of the left ptosis, and 
perfectly normal movement of the right e3eball was still present There w'as no cervical 



Fig 4 Fig 5 


Fig 4 — Case i This photomicrograph (X130) is fiom tissue remo\ed for biops\ from the nose, 
and it shoiNS discrete islands of both adult and embr\onic cartilage The main mass of tissue is made 
up of large stellate or spindle shaped cells a\hich are not closeh packed and -which he in a nioderatel> 
\ascular, somewhat aascuolated, collagenous, intercellular groundwork Mitoses are not particularly 
abundant There is a large element of fibrocjtes Pathologic Diagnosis Spindle cell m>xosarcoma 
with cartilage formation, of low malignancy 

Fig s — C ase i This photomicrograph (Xiaol is from tissue remoaed at operation from the 
middle cranial fossa, and it answers the same approximate description as does that of Figure 4 There 
IS no adult cartilage in this intracranial tumor, however, and the young cartilage, which is 
quite abundant and makes up approximately one fifth of the tumor, is a much more prominent feature 
than it is in the primary or nasal lesion 

adenopathy In his terminal stage, his intracranial symptoms consisted of bilateral 
complete blindness, para^sis of the left third, fourth, and sixth nenes, loss of sensation 
in the area of supph' of the left maxillar3’^ nerve, and set ere generalized headache He 
failed rapidly and died five days after his second admission Permission for autops3 
was refused 

Comment — This patient illustiates the fact that prodromal nasophar}n- 
geal symptoms may be quite meager and piecede for a shoit time only, the 
signs of inti acranial extension Hon ever, had this man had a thorough ex- 
amination of his nose nhen he first began to complain of headache, nasal 
lilockage, and drooping of the left lid. the tuinoi no doubt could ha\e been 
identified The mtiacianial mass must hate lemained localized to the middle 
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fossa, piobabl}: extending backwaid from the original tumor through the 
posterior ethmoid and sphenoid area, and though the mass was demonstrated 
at operation to be of a consideiable size, fundus examination at no time during 
the four-month period showed any swelling of the optic disks It is doubtful 
if any form of eithei suigical or ladiation theiapy could have controlled this 
tumoi 

A moie encoui aging outcome resulted in another patient who gave a 
typical histoiy and clinical findings of a nasopharyngeal tumoi \Mth intra- 
cianial extension 

Case 2 — R C , white, male, age 39, was admitted for neurologic study because of a 
diminution of hearing and a sensation that the left ear was plugged shut for five and 
one-half weeks , right-sided periorbital pain for five weeks , diplopia on looking to the 
right for three weeks, numbness of the skin under the right eye for two weeks, and 
difficultv in swallowing for two ueeks He had had a nasal discharge of mucopus for 
several weeks He was found to have a widened left palpebral fissure, a complete right 
rectus paralj sis, nystagmus on looking to the left, anesthesia of the right maxillary area, 
diminution of the right corneal reflex, deafness in the left ear, a paralysis of the left side 
of the soft palate, and a voice of nasal quality There was no complaint of headache 
The pupillarj reflexes were intact, there w’ere no changes in the retinae, no papilledema, 
and no loss m the visual fields Examination of the ears revealed bilaterally sclerotic 
tvmpamc membranes with an old perforation on the right In the vault of the naso- 
pharynx, obstructing the orifice of the left eustachian tube, was a mulberry-like mass of 
nodular tissue the size of a large olive, and extending from it across the roof and to the 
right side of the nasopharynx was an apron-like sheet of the same tissue Large vessels 
were seen m the mass A biopsy of the tumor, which w'as made with great caution 
because of its vascularity, was returned with the diagnosis of “dense lymphoid infiltration 
with chronic inflammation” Because of the gross appearance of the lesion so typical of 
carcinoma, and because of the undeniable signs of intracranial extension, the patient was 
immediately started upon a course of radium treatment For the next six months he 
received, as an ambulatory patient, 4,000 mg hrs of radium over the left nasopharyngeal 
area, 4,000 mg hrs over the right nasopharyngeal area, 248,000 mg hrs over the right 
temporal area, and 46,000 mg hrs anteriorly over the nose, all in the form of external 
packs Three and one-half months after the beginning of this treatment, only a small pea- 
sized nubbin of sclerotic tumor tissue remained in the vault just to the left of the mid- 
line, and most of his neurologic sjmptoms had disappeared Now', three years following 
his last treatment, he is m perfect health, has not a single vestige of his former intracranial 
complications, and the mucosa of his epipharjnx is smooth, thin, and moderately atrophic 

Comment — This ttian undoubtedly had a visible nasopharyngeal tumor 
before he developed an mtiacianial extension, foi the complaints of deafness, 
nasal discharge, and a feeling of fulness in the left eai were logical ones, con- 
sideimg the site of the mam tumor mass The case illustiates the fact that 
the most stiikmg neurologic sign, in this case paralysis of the right lateral 
rectus, may be conti alateral to the primaiy lesion, but that, as in Case i, the 
intracranial symptoms eventually become bilateral We are positive, from 
the gross appearance of the tumor, the inti acranial symptoms, and the 
1 espouse to radium treatment, that this tumoi was a caicmoma, and we are 
more than evei impressed that a biopsy, to be of any value at all, must be deep 
and fuinish an adequate amount of tissue It is quite conceivable that a lym- 
phoid reaction had occurred over the sin face of this tumor, and from this 
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example it is appaient that when this is line this supeificial ]a}ei of tissue 
must be passed thiough befoie the actual tumoi tissue can be reached Wc. 
considei this case a complete cuie to date, and would compaie it to a similai 
case leported by Saignon and his associates - 

This papei is not intended to be a histopathologic discussion, but mention 
should be made of the types of tumoi s m this sei les of the pi obable method of 
their extension into the cianial cavity, and of the confusion of pathologic lei ms 
used in the desciiption of malignancies of the uppei lespnatoiy tiact The 
patients in oui senes vaiied in age from 13 to /S yeais Ele^en vere males, 


Fig 6 Fig 7 

Fig 6 — Case S C Beenuse of se\erc nnd iiilncl ible pnin in tlic entire nrci of distnhnlion of 

the UKht triKennnil ner\c due to t circinonii of the nght ni iMlhrj sinus, -i section of the pos 

tenor root of the triReniiml none was undcrtikcii This pliotomicrograph (X130) is from in inlri 
cranial extension of the antral tumor, the secondarj tumor mass fillitiR the inner portion of the riRlil 
middle cranial fossa The tissue was white, soft, and gelatinous in consistciic} when it was reinoied 
fioin the area of the gisserian ganglion It is composed of small, gland like structures restmhling 
acini or ahcoli Occasionally these formations arc solid but usuall> their walls are but two or three 
ccllla>ers thick and thej arc filled with a colloidal like substance which stains poorly The cells 

ire flattened and ciiboidal contain a darkh staining nucleus and scant cytoplasm, and show otiK an 

occasional mitotic figure Patliolor/ic Diagnosis Adenocarcinoma 

Fir 7 — Case V H This iihotomicrograph (Xi7>;) is taken from biopsr in iterial from a 
nasoplniynge il tumoi in a patient who had adranced signs of intracranial extension There arc 
fairh discrete masses of large, osal, squamous like cells, with pale ccntralh placed nuclei and light 
st lining cytoplasm Jlani of these cells show_ mitotic hgiires riicrc is no keratiniAalion Fliere is 
a marked l\mphoc\tic infiltration, with some fibrocytes This type of tumor is therefore, frcfiucntly 
called Uinphocarcinoma Wc prefer the siiniikr term squamous cell carcinoma 




and foui females In 12 patients the tumois weie caicmomata, two weic 
saicomata, and one w'as a “lymphoma ” The pnmaiy tumoi was m the uaso- 
phaiynx m seven cases, eai, two cases, nose, thiee cases, sinuses, thiee cases 
(two antrum, one ethmoid) Evet) case showed far adianced signs of m- 
tiaciamal spiead and seveial of the patients experienced their fiist otolanm- 
gologic cxammation only aftei coming undei neuiologic observation' 

Tlie method of extension of tliese tumors has been bebeied to be In one 
of thiee pathways (i) B) the Irmphatics, (2) hy the blood \cssels f\ems) , 
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and (3) by duect tissue extension Certainly l}inphatic metastasis can and 
does occur into the ceivical lymph nodes, but the most likely and most demon- 
strable pathway of inti acranial spiead is that of direct invasion The many 
foiamma at the base of the skull the patent eustachian tubes, the thm-walled 
sinuses (sphenoid, ethmoid), and the occasional peisistent Rathke pouch, all 
invite diiect extension of a malignant, expanding mass in their close vicinity 
Ceitamly, the ordeily progiession of mtiaciamal symptoms indicates a spread 
of the tumoi in this manner, and besides, there aie no intracranial tymphatics 
The mattei of teimmology has i cached a stage of such an admixture of 
names toi these tumoi s that one authoi scarcely knows what anothei means 

when a tumoi is classified accouhng 
to some special type At present 
lymphoid tumors aie called lym- 
pho-endothelioma, lymphoma, lym- 
phoblastoma, lymphosai coma, and 
lymphocarcinoma Saicomata aie 
classified as lound cell, spindle cell, 
giant cell melanomyxo-, chondio-, 
and fibiosaicoma, accoidmg to their 
piedommatmg micioscopic chaiac- 
teiistic Carcinomata lead the list 
for variety probalily because they 
aie the most common tumoi of a 
malignant nature to be found m the 
nose and nasopharynx They aie 
called squamous cell, basal cell, tran- 
sitional cell, anaplastic, keiatinuing 
nonkeiatinizing, scirrhous, adeno- 
matous, or cylindromatous, with 
little legaid for a histogenetic classi- 
fication on the embryologic cell t)pe 
Hausei and BrownelP believe they 
show “that all epithelial neoplasms 
aiising fiom the membianes of the 
nasophaiynx are medullaiy, squa- 
mous cell caicinomata, and that it is not necessary to employ such terms as 
1 } mpho-epithehoma and tiansitional cell caicmoma” Furstenberg'* agiees 
that the commonest lesion is the squamous cell caicmoma Salinger and Peail- 
man,' m an extensue histopathologic study, would classify nasopharyngeal 
malignant tumors as carcinoma, saicoma, and endothelioma They, too, recog- 
nize the confusion in piesent day terminology, but they feel justified in using 
the terms “anaplastic” and “transitional cell” carcinoma 

In any event, squamous cell carcinomata are apparently the most fiequent 
malignant tumoi s of the epipharynx, nose, and middle eai (Figs 6, 7, and 8) 
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Tig 8 — Cise IP \ biopsj of this tumoi 
m iss from the fossa of Rosenmuller rer caled a 
Mscvilar tumor of mixed cell t\pe Large clear 
squamous like cells occur in collections and are 
also mixed throughout the remainder of the tissue 
which IS made up of Ijmphocjtes and dense fibrous 
areas where the cells are almost all adult fibrocjtes 
There is no keratin formation Mitoses are fairly 
common and may be seen in this photomicrograph 
(X173) The tumor is of uneaen structure some 
areas being of low cellularitj others denselj 
packed The patient died of an intracranial exten 
Sion of the tumor Patlioloaic Diainiosts Squa 
mous cell carcinoma 
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In the phaiynx, they aie slow-gi owing, film, sessile, vasculai, and appear 
eithei as a local, elevated nodule oi as a thmnei, moie sheet-hke mass which 
may covei several squaie centimeters of the vault In the nose, they may 
appear to be hard, rubbeiy, and not at all vasculai, oi they may appeal to be 
a soft, iriegular ulceiated mass which bleeds on the slightest piovocation In 
one eldeily patient the nasal carcinoma was a pale, flat, wateiy mass ^^hlch 
lesembled veiy closely a sessile pol3^p Caicmomata of the middle eai cavity, 
evagmatmg thiough a luptuie m the tympanic membiane, may, at first, be 
mistaken for a polyp, and m one of our cases several such “polypi” ■\^ele le- 
moved m succession until it occuiied to the exammei that a biopsy might 
explain the leasoii for their legiowth It did, the “polypi” weie caicmoma 

When a piimaiy lesion of the nose, ear, oi pharynx is not seen oi sus- 
pected, but the patient is suffeimg fiom progiessive symptoms of some soit 
of basilai cranial lesion, the pioblem becomes fiist of all one of dififerential 
diagnosis Paiatiigemmal lesions, most commonly menmgiomata oi aneu- 
rysms, such as have recently been desciibed b}'^ us,® will come fiist to mind, and 
the signs of mtiacianial involvement may be so localized to the middle fossa 
as to lead to opeiation Choidomata, basilai menmgiomata acoustic neuri- 
nomata, and aneuiysms must be excluded until the piimaiy tumoi has been 
discoveied, but m most cases their exclusion will not be a difficult task 

We believe, aftei a study of this gioup of cases, and of some of those re- 
poited elsewhere, that it is the i esponsibihty of eveiy physician ti eating dis- 
eases of the eai, nose, and tin oat to be alert to the possible presence of 
malignant tumors m his field of examination to look with suspicion upon 
the patient who complains of vague oi incomplete symptoms of the uppei 
lespnatoiy tiact, that it is usually evidence of caielessness on some exammei ’s 
pait at some time dm mg the patient’s histoiy, if the patient ai rives m the 
hands of the neurologic surgeon with signs of intracranial extension fiom a 
nasophaiyngeal tumor which is onl}^ then seen for the fiist time It is not 
denied that such lesions piesent a challenge to accuiate eaily diagnosis, but 
it IS appaiently tiue that fiecjuently the eaily diagnostic studies are madec[uate 
and desultory 

One cannot leview this subject and emeige completely optimistic over the 
geneial piognosis yet we would not agree with Fuistenberg'^ that “treatment 
IS exceedingly futile and the piognosis hopelessly discoui aging ” An eaily 
diagnosis with the eaily institution of ladium oi deep i oentgenothei apy, the 
histologic chaiacteiistics of the tumoi having been established, seems to offer 
the best souice of a hope foi control of the tumoi It is doubtful if surgery 
e\er accomplishes vei}' much in the tieatment of a nasophaiyngeal malignancy, 
the location and tendency to diiect mtiacianial spiead preclude the effective- 
ness of any type of opeiation which has so far been attempted 
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TRANSTHORACIC BRONCHOTOMY FOR REMOVAL OF BENIGN 

TUMORS OF THE BRONCHI 


Leo Eloesser, M D 
Sax Fn\xcisco, Cvlif 

FROM THF ST\^FOnD SUHCICM. SFR\ ICE \T THE FRANCISCO nOSPIT\T DFIURTMENT OF rCRLlC lir\LTH, 

S\N FRANCISCO C\LIF 

Bronchotomy, in its iiai rower sense of incision into a bronchus, ap- 
parently dates fiom 1900, when Gluck proposed the opeiation foi low tiacheal 
stenosis , it had the object of permitting retiograde lespnation through a laige 
Inonchial fistula The opeiation seems to have been discussed and written 
about more than it was actually earned out Saueibiuch mentions having 
pel formed it once, most other texts on thoiacic surgery fail to mention it 
The bronchotomies of older authors, from Bonetus down, reviewed by Gross 
in his treatise on foieign bodies in the an passages, include opeiative openings 
into the lai ynx and trachea, but not the bi onchi The lowei bronchi, however, 
have been entered, via a posteiior mediastinal loute, with the object of extract- 
ing foreign bodies Schwaitz, in Quenu’s Clinic, worked out such a piocedure 
which was carried out successfully by Duncan, Schiasso, et al Danielson 
mentions thiee tianspleural bi onchotomies The establishment of a laige 
bronchial fistula may, occasionally, be indicated foi incurable low tiacheal 
stenosis, modem bronchoscopic methods have supeiseded bionchotomy foi 
removal of foreign bodies 

Formal bionchotomy may have a place, howevei, in the tieatment of 
benign bronchial tumors Bigger,^ in 1935, lepoited an operation perfoimed 
upon a boy foi a tumor of the left main bronchus The bronchus was in- 
cised and the tumor lemoved, one week later the chest was reopened and 
the left lung 1 emoved The course was complicated by a pin ulent pei icarditis, 
to which the patient succumbed Many pedunculated benign tumois, especially 
adenomata, may be removed bionchoscopically , they may be avulsed with a 
foi ceps 01 snare and their pedicles may be coagulated or cauteiized Some 
tumoi s, however, cannot be ti eated satisfactoi ily by endoscopic methods, espe- 
cially those with pedicles oiiginating m the uppei lobe bronchus and sessile 
tumois with a broad base Such tumois may be reached, and the possibility of 
tbeii lemoval more accurately estimated through an incision into the bronchus 
than thiough a bionchoscope Bronchotomy may e^en be justifiable for some 
more accessible bionchial giowths For it is notoriously difficult to judge 
V bethel a tumoi mass seen pi oti tiding into the mouth of a bronchoscopic tube 
actually lepresents the whole tumor 01 merely the top of a submerged mass, 
of which, like a floating icebeig, but a small portion is visible wdiile the gieat 
liulk lies submeiged 

Presented b% title before tbe American Surgical Association. St Louis, Mo , Afav 
I, 2, 3, 1940 
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Bronchotomy via a thoracotomy opening allows accinate inspection of a 
growth, of its base and its extension , if palpation of the affected lobe discloses 
a large induration, of which it may be assumed that but a small portion has pi o- 
truded into the bronchial lumen, while the mam tumoi lies oi has extended ex- 
trabronchially, lobectomy oi pneumonectomy may be undei taken at once 
Otherwise the bronchus may be opened between stay sutuies, the giowth may 
be lemoved, its base cauterized and a portion of the bionchial wall lemoved 
with it, if necessaiy The incision into the bronchus may then be lepaiied by 
suture and the chest closed, with oi without diainage as seems most expedient 
A long posteiior thoracotomy incision with lesection of the fifth iib, as de- 
scribed by Crafoord- foi pneumonectomy, gives good access The lung is le- 
ti acted foiward The hilum is injected subpleuially with 15-20 cc of ^ 
pel cent piocame, to which epinephiine (two drops to 30 cc ) has been added 
The procaine injection stops the objectionable cough leflex that follows han- 
dling of the hilai stiuctuies, and the edema resulting from the injection makes 
their dissection peculiarly eas)’’ The hilai pleuia is incised, the bronchial wall 
IS steadied by two fine silk stay sutuies passed through its soft posteiioi mem- 
bianous portion and incised at a site calculated by hi onchoscopic and loent- 
genographic obseivation The lumen is inspected, the incision piolonged if 
necessaiy and the tumoi lemoved The incision is repaiied with a single layer 
of fine catgut or silk sutuies including the whole thickness of the bionchial 
wall, caie being taken to iiaiiow the bionchial lumen as little as possible Moie 
than one layei would be likely to lead to a stenosis Repaii of the intiapul- 
monary poi tion of the bi onchus, where lung may be used to covei the suture 
line, IS easiei than that of the hilai poition The sutuie need not be heimetic- 
ally accurate, 111 the case lepoited it was fai fiom so, yet the incision closed 
without sequela 

It would seem best m patients who cough not to attempt to covei the bion- 
chial sutures by leuniting the incision into the hilar pleuia If the bi onchus 
does leak air it is better that an escape into the pleura than into the medias- 
tinum, mediastinal emphysema being a complication moie difficult to handle 
than a pneumothorax, which is easily taken cai e of by a di amage tube 

The thoiacotomy incision is closed, if the bionchial sutuie seems tight, 
drainage may be dispensed with, although the patient should be caiefully 
matched foi the fiist few days aftei opeiation and a piessuie pneumothoiax 
promptly dealt with If theie is doubt of an air leak a cathetei is intioduced 
into the chest thiough a separate intei costal stab and led out undei vatei 

Through the kindness of Di Cabot Blown, I was afforded the oppoitunity 
of cairyuig out a bionchotomy foi what was thought, preoperatively, to be a 
lienign tumor 

Case Report — Mrs Elise Y , age 33, was referred by Doctor Brown to the Stanford 
Surgical Service at the San Francisco Hospital, June 19, 1939 She had suffered for five 
vears from chronic, intermittent obstruction of the left upper lobe, with febrile interludes, 
abscess formation, much cough and episodes of bleeding A series of roentgenograms, 
dating from 1934 to 1937, showed intermittent obstruction of the left upper lobe Lipiodol 

1068 



Volume 112 
Isumbcr C 


TRANSTHORACIC BRONCHOTOAIY 


injection by Doctor Brown, in April, 1939, demonstrated a round defect projecting into the 
bronchial lumen, at this site an obstruction was encountered bronchoscopically (Fig i) 
An abscess was drained through an interior incision m April, 1939 Bronchoscopy, four 
times repeated, failed to reveal a tumor and biopsies revealed nothing but shreds of in- 
flamed bronchial mucosa A ureteral catheter, introduced into the draining sinus of the 
previous thoracotomy, passed into the lower lobe bronchus beyond the site of obstruction, 
and a second catheter, introduced through the bronchoscope, traversed the stricture and 
also passed into the lower bronchus, but no ulcerative lesion, and no tumor mass, from 
which a biopsy could be taken, were seen However, suspicion of a growth could not be 
allayed and exploratory bronchotomy W'as decided upon 



Fig I — Bronchogram with lipiodol April 26 1939 

Filling defect shown just 'ibo\e the bifurcation of the left 
stem bronchus 

Opcjaiion — October 2, 1939 Under completely satisfactory anesthesia wnth avertin 
and gas, administered by Doctor Neff through an intratracheal tube, the chest w'as opened 
by Ciafoord’s incision, 22 cm of the fifth rib w^as resected Separation of dense adhesions 
offered considerable difficulty , those over the upper lobe w ere allowed to remain The 
left lower bronchus w'as identified and opened betw^een tw'O stay sutures b}”^ a transveise 
incision into its membranous posterior portion , a catheter introduced into it and passed 
upwards met W'lth no resistance Upon close inspection one saw^ that the bronchus had 
been opened exactly opposite a tumor, wdiich w’as attached by a pedicle to a site near the 
mouth of the upper lobe bronchus As it hung dowm by its pedicle it occluded the upper 
lobe bronchus entnely and the lower lobe bronchus partiall}'- Its anatomic situation ex- 
plained its not having been visible through the bronchoscope, for coughing during the 
introduction of the bronchoscope had probablj pushed it back into the upper lobe bronebus, 
where it remained hidden 

The incision w'as carried around at an angle so as to open the left upper bronchus , 
the tumor, measuring i 5x1 4x1 2 cm was carefulh lifted up and removed b\ sever- 
ing its pedicle with the diathermj current The pedicle was inspected, its base cauterized 
again, and the incision closed with a senes of fine, interrupted, chromic gut sutures 
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placed m one lajer The thoracotomy incision was closed, but a Pezzer catheter was 
placed in its posterior angle, the closure of the bronchus having seemed none too accurate 
Pathologic Diagnosis — Dr David Wood Carcinoma, relatively benign 
Postopciativc Com sc — The catheter was submerged under water On the second 
daj , a small amount of subcutaneous emphysema was demonstrable over the sternal notch , 
a venous pressure of 21 cm gave additional evidence of mediastinal emphysema This, 
however, rapidly receded and the subsequent course was uneventful The patient was dis- 
charged, November 2, 1939 There has been no evidence of recurrence The left upper 
lobe is aerated 



Fig 2 — Lipioclol injection 29 dajs after operation, 

October 31 1939 Both upper and lower lobe bronchi are 
open (The cential densitj is due to previous Iipiodol in 
jectioiis into the abscess cavitj ) 

Lipiodol injection, October 31, 1939, demonstrated both upper and lowei left bronchi 
to be open (Fig 2) Bronchoscopy several months later revealed a normal bronchial 
tree 


CONCLUSION 

Tianspleuial bronchotomy is a feasible, conseivative method of removing 
benign tumois of the bronchus, which, by leason of then anatomic situation 
or then doubtful extension, aie not amenable to safe and ceitam bioncho- 
scopic removal 
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A PRELIMINARY REPORT 

William F MacFbe, M D 
Ne\\ York, N Y 

FROM THF DLP\nTMF>T OP SORGtR-V OF TIIF NEW 1 OUK IIOSPITiL AND CORNELL MFDICAL COI LFGE, AND TIIF SORCICAI 

bFRMCFS OP ST LUKF b HOSPITAL, NEW TORE N 1 

Attempts to improve the lesults of opeiations foi henna have pro- 
giessed in thiee general dnections Fust, the tissues avadable foi lepair have 
lieen utilized in a numbei of diffeient ways, second, many kinds of suture 
material have been employed, and thud, vaiious dispositions of the speimatic 
cord have been made The necessity of piovidmg room foi exit of the coid 
has always been an obstacle to satisfactoiy lepaii Wheiever it may be placed 
the cord interferes to some extent with closure of the heinial defect and leaves 
a possible pathway foi recuiience 

BassinP met this problem by tiansfenmg the coid to a new position, be- 
tween the inteinal and external oblique muscles Halsted,^ ^ m his earhei 
operations, placed it exterioi to the aponeuiosis of the external oblique 
muscle In ten of a series of herniae in children, leported in 1895, Colejd 
allowed the cord to lemain in its noimal location and, in 1899, Feiguson^ ad- 
vised against altering its position m the treatment of heiniae 111 adults In 
his later operations Halsted*' also left the coid m its natural site 

In order to reduce the size of the cord Halsted® at one time recommended 
the division of part of the spermatic veins at the point of exit This feature 
of the operation was later abandoned With the same idea in mind Torek" 
separated the elements of the cord at the internal ring and brought them out 
at different levels in the line of lepair, the size of the opening necessary for 
the coid Avas thereby 1 educed In certain cases Quam,^ Skillern*^ and Eid- 
man^° have excised or divided the ciemastei Buidick’^^ and his associates, 
in selected types of hernia, have completely divided the cord and so eliminated 
it as an obstacle to repaii Castiation has sometimes been resoited to in 
oldei men but this piocedure is not usually accepted with enthusiasm 

Cheever^^ conceived the idea of ti ansplanting the coid to the femoial canal 
and, in 1923, dm mg a discussion of ceitam papeis^^ on hernia wdiich 
had been presented befoie the American Surgical Association he called atten- 
tion to the operation as follows 

“Dr Seelig’s beautiful demonstiation of the futility of suturing the muscle 
fibers to Poupart’s ligament, and Dr Galhe’s very convincing demonstiation 
of one w^ay to avoid it, make it reasonable, perhaps, to piopose a somewhat 
novel method of curing inguinal heinia Underlying all these new piocedures 
IS the widespread lecognition that old methods are b}^ no means ahvays suc- 

* Read before the American Surgical Association, St Louis, !Mo , Afay 3, 1940 
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cessful This new method consists m withdrawing the testicle from the 
scrotum, incising the transversahs fascia forming the flooi of the inguinal 
canal and slipping the testicle down through the femoral canal beneath the liga- 
ment and between the vein and Gimbernat’s ligament out through the saphe- 
nous opening and back into the scrotum This will sound fanciful to you, 
but It IS apparently peifectly practicable, and I have earned it out in five 
cases with appaient success ” So far as I have been able to deteimine, 
Cheever is the fiist to have conceived and cairied out this plan of disposition 
of the cold 

The possibility of utilizing the femoial canal as path of exit for the cord 
first suggested itself to me through the reading of an aiticle by Fauntleroy’*’ 
in which he described a patient whose spermatic cord was found as a con- 
genital anomaly m the femoral canal Appaiently, the testis had followed 
the femoral route in its descent to the scrotum The piacticability of trans- 
fen mg the cord to the femoral canal was satisfactoiily demonstiated on the 
cadaver, and I planned to try it m a suitable clinical case Upon asking the 
late Di F S Mathews what he thought of such an opeiation I learned for 
the first time of Doctor Cheever’s woik Encouiaged by Doctor Cheevei’s 
experience with the operation, I performed, between 1929 and 1933, six 
operations for lecurrent or large pi unary herniae m elderly patients, com- 
pletely freeing the testicle fiom its scrotal attachments m each instance and 
then lemsertmg it through the femoral canal into the scrotum The opeia- 
tion appeared to ofifei piomise, but its performance presented ceitain tech- 
nical difficulties In freeing the testicle fiom the sciotum numerous small 
blood vessels are encounteied A second hindrance is the dispropoition be- 
tween the size of the testicle and the femoral canal through which it must 
pass , the canal in the male is usually small 

It was obvious that these difficulties could be overcome by opening the 
femoral canal, it would then be possible to transfer the cord without distuib- 
mg the testicle, and lepair of the inguinal ligament did not appear to offei 
any gieat difficulties With these considerations m mind the following plan 
of proceduie was adopted 

Opeiatwe Technic — The hernial sac is exposed thiough the usual incision, 
removed m the usual manner, and the defect m the tiansversahs muscle is 
closed (Fig i) The inferior as well as the superior surfaces of the inguinal 
(Poupart’s) and lacunar (Gimbeinat’s) ligaments are dissected free of fat 
and fascia, exposing the inferior outlet of the femoral canal and the fascial 
sheath of the pectineus muscle near its oiigm (Fig 2) The inguinal liga- 
ment is then detached by making an oblique incision along the sulcus which is 
formed by the inguinal aponeurotic falx (conjoined tendon) and the inguinal 
ligament where they are jointly attached to the pubic bone The detachment 
is completed by freeing the lacunar (Gimbernat’s) ligament along the line 
of its pubic insertion and the coid is placed m the femoral canal (Figs i and 

3) 

The ligamentous stiuctuies are then brought over the cord and restoied 
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to their noimal relationships by means of a senes of silk sutures (Figs 4 and 
5) The sutures uniting the inguinal ligament to the pubic tubercle aie pref- 
erably of the mattress type Those employed to lestore the attachment to 
the supeiioi pubic lamus may be simple inteirupted sutuies These are 
passed thiough the ligament of the pubes (Coopei’s ligament) and tied, the 
ends being left long (Fig 5) The ligament which beais Cooper ’s^"^ name 
was desciibed by him as a remaikably stiong ligamentous expansion extend- 
ing from the tubeiosity of the pubes outwards, and projecting fiom the bone 
ovei the ihopectineal line The closure about the coid as it lies in the femoral 
canal is made snugly, and the technic is similai to the repair of a femoial 
henna thiough the inguinal appioach 

The next step 111 the opeiation is the appioximation of the mteinal oblique 
muscle to the pubic (Cooper’s) ligament instead of Poupart’s Gomaid^^ has 
adopted this plan 111 inguinal hernioplasty because he considers Cooper’s liga- 
ment the stronger of the two The appioximation is accomplished by using 
the long endsmf the same sutuies that weie employed to reattach the mgunio- 
lacunar ligament to the pubic bone Fig 6) Additional sutures are placed 
anterior and lateral to the femoial canal to approximate the internal oblique 
muscle to the inguinal ligament We thus have the conjoined tendon and 
the medial portion of the internal oblique anchoied to Coopei’s ligament and 
the lateral poi tion of the intei nal oblique anchored to Poupai t’s The sutui es 
are tied and obliteration of the inguinal defect is complete (Fig 7) The 
segment of cord lying between the internal inguinal img and the femoral 
ling is buried and disappears fiom view 

The opening in the aponeurosis of the external oblique muscle is closed 
by imbrication, the upper leaf being brought down over the lower (Figs 7 
and 8) The sutuies neai the pubic tubercle may be made to include the cut 
end of the inguinal ligament and the integument of the bone in ordei to fui- 
thei reinforce the attachment of the ligament Medial to the tiansplanted 
cold, the margin of the upper leaf is hi ought down and sutured to the pecti- 
neal fascia, and lateral to the coid it is sutured to the fascia lata (Fig 8) 
The wound is then closed m the usual manner Care should be taken to see 
that the testis is well down in the scrotum befoi e the patient leaves the oper- 
ating room 

The opeiation just described appeals to be very similar to the proceduie 
employed by LisitsyiF® which has lecently come to my attention In two 
cases leported in 1934, Lisitsyn, a Russian surgeon, divided the inguinal liga- 
ment near the pubic bone and opened the femoral canal The cord was then 
placed in the canal and the ligament rejoined by suture The aponeurosis of 
the external oblique muscle with the undei lying tissues was sutured to the 
inguinal ligament and to the peiiosteum of the pubic bone He then trans- 
planted a free piece of fascia lata ovei the repair for reinforcement of the 
sutui e line Lisitsyn’s first opeiation of this kind was perfoimed, April 3, 
1929, for a lecuirent henna, and he lepoited that there had been no lecur- 
lence five 3feais after opeiation 
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Tic I — The lieinial sac has been removed and the defect in the transt ersalis fascia sutured The 
anterior maigin of the femoral canal has been exposed and the incision designed to free the inguinal 
(Pouparts) ligament and open the femoral canal is indicated bj the dotted line The incision is started 
along the junction of the aponeurotic faK (conjoined tendon) and inguinal ligament on the pubic tubercle 
and cairied laterall) separating the ligament from its attachment to the superior pubic ramus, until the 
femoral canal is entered 

Tig 2 — The inferior surface of the itigitinal ligament has been cleared of fat and the fascial 
sheath of the pectineus muscle and the inferior aspect of the femoral canal are exposed The dotted 
line shows the course of the incision which is to free the inguinal ligament, as seen from below 



Tic 3 Tic 4 

Tig 3 — The inguinal ligament has been detached and the cord placed in the femoral canal 
Fig 4 — Sutures ha\e been placed to restore the ligament to its normal relationships The anterior 
or medial three sutures are of the mattress type and rejoin the ligament to the pubic tubercle The 
lateral sutures are of the simple interrupted type and are designed to apjiroximate the shell iiig border 
of the inguinal ligament to the pubic (Cooper s) ligament 
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Fig s Fig 6 

Fig s — The sutures shown m Figure 4 have been tied, restoring the inguiml ligament and closing 
the femoral ring snugl> about the cord The ends of the lateral sutures have been left long so that the> 
ma> be used to approximate the conjoined tendon and the internal oblique muscle to the pubic (Cooper’s) 
ligament 

Fig 6 — The long ends of the sutures shown in Figure s have been passed through the lower 
margin of the conjoined tendon and the internal oblique muscle Additional sutures have been placed 
farther laterally to bring the internal oblique to the inguinal ligament 



Fig 7 — The conjoined tendon and the internal oblique muscle have been approximated to the pubic 
ligament medially and to the inguinal ligament laterally The hernial defect is completely closed Im 
bncating sutures have been placed in the aponeurosis of the external oblique 

Fig 8 — ^The imbricating sutures have been tied and the margin of the upper leaf has been sutured 
mediallv to the fascial sheath of the pcctineus muscle and laterally to the fascia lata of the thigh 
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On the suigical sei vices of St Luke’s and New Yoik Hospitals, trans- 
plantation of the cold to the femoial canal has been carried out in the lepair 
of 33 inguinal herniae affecting 27 individuals since June 24, 1937 (Table I) 
Twenty-one herniae weie piimai} and 12 weie lecuirent Nineteen of the 
total numbei have been followed more than one year after opeiation, five 
have recuri ed, an incidence of appi oximatel)’’ 26 3 per cent In the group of 
12 piiinaiy heiniae, followed more than one year, there weie four lecui- 
lences, or 33 3 per cent One of the four lecuirences was femoral and the 
lemammg thiee weie inguinal Two of the inguinal recuiiences weie m one 
individual who had bilateial herniae (Table II) In the gioup of seven re- 
cuiient heiniae, followed moie than one 3^eai after opeiation, theie was one 
lecuiience, 01 appi oximately 14 pei cent This one recuri ence was femoral 
111 type and occuried 111 a patient who, at the time of operation, had a pi unary 
femoial as well as a lecuiient inguinal henna on the side of the subsequent 
lecuirence (Table III) The lemammg cases of the total senes of 33 cases 
have been operated upon too recently to have any statistical value 

The appaient merits of the operation aie 

(1) That it permits a complete closuie of the inguinal defect without 
damage to the coid 01 testicle 

(2) It does not requiie any special incision 01 special matenals 

(3) It can be applied to any type of inguinal hernia without impaiiment 
of the advantage gamed by ehnimalion of the coid as an obstacle to lepair 

The most obvious disadvantages of the piocedure aie 

(1) Exposure of the pubic ligament is difficult 111 obese patients 
Gomaid^^ suggests use of the Reveidm needle foi the placing of sutuies m 
this ligament 

(2) It involves a detachment of the inguinal ligament This ligament is 
oidmaiily thought of as the sheet anchoi m heinial lepair and it is not heed- 
lessl)'^ jeopaidized Aftei the ligament has been lesutuied, howevei, one 
cannot doubt its stability 

(3) The advantage gained m being able to completely close the inguinal 
defect IS offset to some extent by the necessity of opening the femoial ring 
Piesumably, this may give rise to a weakness at the femoral opening com- 
paiable to that pioduced by a femoial hernia 

It is a mattei of geneial expeiience, howevei, that femoial heinia is less 
likely to recui than inguinal henna The incidence of recuiience in the adult 
males of the series reviewed by Coley-” was 87 pei cent foi mdiiect, 164 
pel cent foi the diiect, and ii 9 pei cent foi the combined type of direct and 
mdiiect inguinal heiniae, the lecunence rate for femoial hernia in the adult 
male was 9 i pei cent Watson-^ states that 5 to 10 pei cent of the indirect 
inguinal herniae recur, depending upon the age of the patient and the choice 
of opeiation, and that lecuirences after operations for direct herniae are from 
10 to 20 per cent 111 the hands of the most experienced operatois, he places 
the late of lecurrence of femoial heiniae, following the usual methods of le- 
pair, at slightly less than 5 per cent This latio of recuri ence between in- 
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gmnal and feinoial heiniae is sometimes leveised Glenn,-- for example, in a 
series of cases fiom New Yoik Hospital, found the incidence of lecuiience 
highei m femoial than in inguinal heiniae In geneial, the advantage gained 
in being able to completely close an inguinal defect would appear to outweigh 
the disadvantage of producing a possible weakness at the femoial ring 

Theie is no leason to suppose, howevei, that transfer of the cord to the 
femoral canal will pieclude its becoming a pathway for lecuiience, and in 
two instances, ah eady, a hei nial sac has appeal ed in the femoi al i egion lateral 
to the cold (Cases No 209321 and No A-09636) There is some clinical 
indication that the femoial lectiiiences aie of the prevascular type described 
by Moschcowitz,-^ Cevaiio,^* Keynes-^ and others 

The lesults of the opeiation, so fai, do not wan ant uniestiained optimism 
01 complete condemnation In estimating its value one must take into con- 
sideration the types of heinia foi which it was employed It was not undei- 
taken in simple heiniae m young patients because the opeiations in cm lent 
use yield satisfactoiy lesults in cases of this kind The gioup of 21 piimaiy 
heiniae, m which the opeiation was emplo3'ed, consisted of 13 diiect, foui 
indiiect sciotal, two simple indiiect, one combined direct and indiiect, and 
one diiect, indirect and sliding combined The ages of the piimaiy group 
langed fiom 45 to 72 yeais, the aveiage being 57 yeais In the lecurrent 
gioup, 12 m numhei, theie weie five dnect, foui indirect, one of which was 
incai cei ated , one mdiiect sliding, one indiiect paitly sliding, and one direct 
and indiiect sliding henna The ages of the lecuiient gioup ranged fiom 
37 to 67 yeais of age, the aveiage being ai^proximately 46 yeais 

It IS deal that the lesults of tieatment in heiniae of the kind desciibed 
cannot be compaied with studies which include a laige piopoition of less 
difficult types The small senes heiem piesented is peihaps most compaiable 
with the cases leviewed by Giace and Johnson This leview dealt Avith the 
lesults of heinioplasty in 1,032 patients, all of Avhom A\eie moie than 50 years 
of age The incidence of lecunence m this laige gioup A\as 258 pei cent 
foi pnmai}, and 34 pei cent foi recuirent inguinal heiniae 

The numbei of cases m Avhich the coid has been tiansplanted to the femoial 
canal is not sufficiently laige, and the penod of obseivation is not long enough, 
to peimit any conclusions as to the ultimate value of the pioceduie The 
opeiation appeals to be sound in piinciple Fuither expeiience should leveal 
its A\eak points and possibly suggest means of collecting them 
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Discussion — Dr William E Gallie (Toronto, Can) I think we 
Yvill all admit that the subject that Doctoi MacFee has presented to us is 
veiy ingenious and Yeiy interesting fiom an anatomic standpoint I must 
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confess that I was surprised to learn that the inguinal ligament could be 
detached from the pubic spine and sewn back m position with a i estoration of 
the normal strength of the ligament I would rathei have expected that the 
ligament would remain relaxed and weak and in that way perhaps lessen the 
effectiveness of the attempt to cure a laige recurring inguinal hernia How- 
ever, he assuies me that this is not so and that actually the inguinal liga- 
ment does feel as strong as ever 

It is somewhat distuibmg to find so many lecurrences after the opera- 
tion, but, of course, one who perfoims many hernioplasties must expect re- 
cui 1 ences m large ones and particularly those who have had opei ations before, 
I suppose the place that this operation will occupy in our surgical technic 
will depend on expeiience vith a large number of cases 

There are, of couise, other ways of cuiing large recuriing inguinal herniae, 
but I do not think it is the appiopiiate time to enter into that discussion, but 
there is one place, howevei, where I think this type of operation is eminent!}' 
suitable You will lecall that some months ago Doctors Burdick and Coley 
published a paper in which they stated that they had failed to master the 
technic of using fascia Now, of course, to get over the difficulty of not 
using fascia, because one could hardly expect them to use it, they suggested 
the lemoval of the testis and the spermatic cord m older to make the closuie 
of the canal more easily completed Well, it occuis to me that this is exactly 
the place uhere Doctoi MacFee’s procedure would be useful When any- 
body feels the uige to lemove the testis and the speimatic cord he should give 
some consideration to the suggestions that Doctor MacFee has made to-day 
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THE PROBLEM OF PRODUCING COMPLETE AND LASTING 
SYMPATHETIC DENERVATION OF THE UPPER EXTREMITY 

BY PREGANGLIONIC SECTION ^ 

Reginald H Smith wick, M D 
Boston, Mass 

FROM THE SHRGICAE SER\ ICES VND PERIPHERAl, \ ISCHLAR CLIMC OP THE M VS® VCHUSETTS GLNERVL IIOSPITAI , 

BOSTON, MISS 

During the past five yeais (Jantiaiy 24, 1935-May i, 1940) we have 
sympathectomized 151 upper exti emities hy pieganghonic section foi the 
lehef of vasculai spasm We turned to this proceduie because the lesults of 
ceivicodorsal ganghonectomy, postganglionic section, had not been satisfac- 
toiy ^ “ We felt that as the effects of pieganghonic deneivation of the lowei 
extieinity had been giatifying, theie was leason to expect similar mipiove- 
ment if the uppei extiemity could be sympathectomized 111 a like mannei 

Two difficulties have been encounteied in dealing with the uppei extiemity 
which makes its successful deneivation moie of a pioblem than the lower 
Fust, the question aiises as to whethei the uppei extremity can be adequately 
sympathectomized by mteiiuption of pieganghonic pathways Second, the 
mattei of regenei ation has given us moi e concei n The fii st question pertains 
to immediate lesults, the second to late lesults 

To obtain satisfactoiy immediate lesults, one must thoioughly inteiiupt 
the sympathetic pathways concei ned If sufficient lesidual innervation exists, 
this will be 1 effected m the clinical lesult The sympathetic neive supply to 
the uppei extiemity (Fig i) has been vaiiously desciibed,*^’ so that one must 
assume that pieganghonic pathways may aiise fiom the fiist to the tenth 
dorsal segments of the coid The lelative impoitance of each is unknown 
The postganglionic pathways aie moie localized, and run fiom the middle 
ceivical to the second dorsal ganglia, inclusive, to the brachial plexus From 
these data it is appaient that all possible pieganghonic pathways can be m- 
teiiupted without dividing postganglionic fibeis, with the exception of the 
outflow fiom the fiist doisal segment The lattei can be abolished eithei by 
section of the fiist dorsal white lamus, without cutting the giay ramus, 01 
by mtraspmal section of the fiist dorsal anteiioi root Neithei of these pio- 
ceduies appeals feasible 

We, theiefoie, elected to deneivate the uppei extremity (Fig 2) by divid- 
ing the preganglionic outflow to the second and thud doisal ganglia of the 
sympathetic trunk, and sectioning the lattei below the thud ganglion The 
necessaiy exposuie is obtained thiough a small veitical paravei tebral incision, 
lesecting the inner poition of the thud 11b and tiansveise piocess This 
technic has been teimed lamisectomy A similai opei ation has been reported 
by Telford® who, however, uses the anterioi appioach 

If this operation is accuiately pei formed, we have neAei been able to 

* Read before the American Suigical Association, St Louis, l^Io , !May i, 2, 3, 1940 
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demonstiate the piesence of lesidual sympathetic neive supply to the upper 
extiemity of clinical significance In othei woids, it seems quite definite that 
the outflow from the fiist doisal segment is unimpoitant This conclusion is 


suppoited by Simmons and Sheehan/ 



® -who have studied many of Telford’s 
cases aftei opeiation It is furthei 
suppoited by oui eailiei expeiiences 
in which we found that the upper ex- 
tremity could be thoioughly sympa- 
thectomized by excision of the second 
and thud doisal sympathetic ganglia 
and mteivenmg trunk 

If this opeiation is not accuiately 
peifoimed, incomplete sympathectomy 
may result This may he due to fail- 
uie to inteiiupt the white lami of the 
second oi thud dorsal segment or by 
failure to interiupt the tiunk itself 
We thought that by lesecting the poi- 
tion of the second and thud inter- 
costal neives from which the lami 
aiose the fiist possibility would be 
eliminated Ho\\evei, m our earlier 
cases a numbei of incompletely de- 
neivated extiemities lesulted (Fig 
3) Subsequent study and leopeia- 
tion levealed that the oiiginal opera- 
tion had not been complete because of 
failuie to interiupt the outflow fiom 
the second oi thud dorsal segment 
The most likely explanation appeared 
to be that the technic did not neces- 
saiil}'- insuie division of the white 
lami of the two segments We, also, 
soon became awaie of a second diffi- 


„ „ , , , culty because some of the extiemities, 

1 ir I — Dreginglionic intliwijs to the nim 

ln\c been desciibed ns nnsing fiom the first whlch Wei e Completely dciiervated, 
to the tenth dorsnl segment of the cord We 

hate not found the outflow from Di to he of bcgaU tO sllOW definite SlgllS Of 1 e- 
chnicnl importance Tint fiom D2 and D3 is ^ 

\ert importnnt 111 some enses, and apparently geiieiatlOll, Ofteil aS qUlCkly aS SIX 
of less importance in others , . 

months aftei opeiation 

Foi these leasons, the technic was changed (Fig 4), both to insuie com- 
plete deneivation and to further guaid against legeneiation In this modi- 
fication, called extraspinal root section, the second and third intercostal 
nerves weie lesected fiom the lateial poition of the operatn^e field inward, 
dividing the posterioi and anteiioi loots separately at a point just proximal 
to the posteiioi root ganglion This maneuvei has been successful m pie- 
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venting incomplete denenation because it is impossible to fail to divide the 
white communicating lami when the anteiioi roots aie always sectioned at a 
point pioximal to their oiigin It has been helpful, also, m delaying the ap- 
pearance of legeneiatioii m most instances, m pie\entmg it m some, and m 
minimizing it m otheis While excellent late-iesults have been obtained, the 
majoiity of extiemities which have been denervated m this manner do show 
evidence of legeneiation as yeais pass by (Fig 5) 

This is leadily demonstiated by following the couise of the surface tem- 
peiatuie of a fingei tip m a cool envnonment as time goes on, and if a fall 


RAMISECTOMY 


Muse fe 



Fig 2 — The first type of pieganglionic senipathectoiiiy wns termed raniisec 
tomj The communicating rami of Da and D? were dnuled and that portion of the 
intercostal nerves fiom winch they arise was resected The sympathetic trunk was 
divided below' U3 

IS noted, obseivmg the subsequent use to the previous level aftei legeneiated 
pathways aie tempoiaiily inteiuipted again by novocain block of the ap- 
piopiiate peiipheial neives 

Feeling that the sectioned anteiioi loots of Da and D3 vere moie likely 
soiiices of legeneiating fibeis than the cut end of the sympathetic tiiink, the 
opeiation was fuithei modified and teimed mtraspmal root section (Fig 6) 
Having accidentally discovered that a laige portion ot the mtiaspinal part of 
the anteiior loot could be lemoved by sepaiating the attachment of the aiach- 
noid and then gently teasing the 1 oot out this appeal ed to be a feasible 1 outine 
procedui e A spinal fluid leak of no consequence results It seemed unlikely 
that the pioximal cut end of the loots would legeneiate aftei the meninges 
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Tig 3 — The surf-ice temperature of a finger tip tihen evposeil to a cool eniironment is 
followed over a period of fite lears The first tuo operations were incomplete and no significant 
temperature rise resulted The extremitj was then si mpatliectomued three times b\ trunk section 
above Da Regeneration has taken place after each operation in si\ months or slightlv more The 
importance of the outflow from Da and D3 is brought out in this c ise Operation No s was trunk 
section below C 3 b> anterior approach 


EXTRA SPINAL ROOT SECTION 


MuscU 



Tig 4 — This first modificition was made to insure interruption of 
the white rami from Da and D3 bj cutting the anterior roots provitmal 
to the point of origin of the rann from the intercostal nerves It is 
referred to in the text as extraspjiial root section 
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Fig 5 — The surface tenipenture of a finger tip in a cool environment is followed after 
e\traspmal root section The same operation has been performed in each e\tremit> (two dif 
ferent patients) In one instance, regeneration has taken place In the other there is no 
evidence of regeneration 


INTRA SPINAL ROOT SECTION 

MuscU 



Fig 6 — Thi'; second modification also relates to the management 
of the outflow from Da and D3 The anterior roots are divided within 
the arachnoid so that the prOMnial cut end lies within the spinal 
canal rather than in the paravertebral space It is termed mtraspinai 
root section It is thought to be an additional safeguard against re 
geneiation 111 cases in which the outflow from Da and D3 is important 
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had healed (Fig 7), because they would be contained within a \\atei -tight 
compartment The immediate effect of this operation has always been most 
satisfactory and complete (Fig 8) Excellent late-iesults, of from tuo to 
three years’ standing, also exist, but in a number of instances, modeiate to 
marked evidence of regeneration has been detected This, however, is usually 
delayed as compaied with lamisectomy, and is noticed during the second year 
m most instances 

Some cases have had one extremity deneivated by extiaspinal loot section 
and the other by mtiaspmal lOot section (Figs 9, 10 and ii) As a lule, 
the results of the latter type of operation aie supeiior, suggesting that intia- 
spinal anteiioi root section is an additional safeguaid against legeneiation 




Tsi 7 — Photograph of actinl specimen'! of the second and third intercostal nerves iihicli have 
been remov ed photographed beside a centimeter rule A liberal extent of the intr ispinal portion of 
the anterior roots is resected The posterior root with its ganglion and the point of origin of the com 
municating rami from the intercostal nerves are visible 


An examination of the possible souices of legeneiating fibeis (Fig 12) 
leveals the fact that only a few centimeters sepaiate these from the decential- 
ized scmpathetic trunk It seems most likely that the legenerating fibers unite 
uith the s}mpathetic tiunk at the second dorsal ganglion, which is not mate- 
iially displaced We have lepeatedly lesyinpathectomized regeneiated ex- 
tremities by sectioning the sympathetic trunk again between the first and 
second dorsal ganglia 

The variable results following the same operation m different patients, 
and different operations in the same patient, are best explained by assuming 
that uide variations in the oiigin of piegangliomc pathnajs exist If they 
come chiefly from the second and thud dorsal segments, which we have 
pi oven to be the case m a number of instances, and suspect to be the case m 
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Fig S — The late result of intraspiml root section is compiled in two diftereiit patients In one 
instance there is little evidence of regeneration In the other, considerable regeneration has 
occurred This probably has come Hrgelv from the sectioned end of the sympathetic trunk It 
seems reasonable to believe that the outflow from Da and D3 was not particularlj important in 
the regenerated extremitj 
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Tig 9 — The late results of diffeient operations upon the two extremities ot the same patient 
are contrasted If it is safe to assume that the nerre supplj to the arms is similar in the same 
Mse then it is reasonable to behere that the difference in the results is due to regeneration from 
Ut in this particular case Intraspinal root section appeared to be more effectne than extra 
spinal root -section 
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the majouty, gieat pains must be taken with the management of these two 
segments One may suspect at opeiation, that this is the case if the sym- 
pathetic trunk IS veiy small If on the othei hand, the motor supply arises 
chiefl}^ from lowei dorsal regions of the cord, it probably makes less dif- 
feience hovi the outflow fiom the uppei coid is handled, and more attention 
must be gn’en to the lower sectioned end of the sympathetic ti unk Obviously, 
simple division is not sufficient, foi although this point may be as far as 5 cm 
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Fig 10 — This is the smie case as is illustrated in Figure 9 After noiocaui block of the 
ulnar neries the surface temperature of the fifth finger tips reaches the same high leiel showing 
that anj cooling which has taken place i?. due to nerve regeneration and not to progress of the 
disease This is the usual explanation of cooling in our experience, when studs mg late results 


away fiom the decentralized second doisal ganglion, sympathetic fibers appeal 
to have little difficult} m travel sing this distance 

To furthei guaid against legeneration (Fig 13), duiing the past year 
ve haAe caiefully ligated the distal, divided end of the sympathetic tiunk, a 
piecaution which ve had not formeily taken, m conjunction with the intra- 
spinal type ot anterioi lOOt section of the second and third dorsal segments 
Moie recently, being dubious as to whether ligation of the sympathetic trunk 
will prove to be effective m preventing regeneration from this source, and to 
furthei guard against regeneration from D2 and D3, we have coveted the 
decentralized second and third ganglia and inteivenmg trunk with a fine silk 
cylinder We hope that the dense scar tissue capsule, which Page'’ has found 
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to form in thiee weeks when silk is wiapped about the kidney, heait oi livei, 
and which he believes is impeiviotis to vessels and neiies, mil foini undei 
these cncumstances and piove effective in further minimizing legeneiation 
fiom any of the possible souices How successful these measuies will be 
cannot be detei mined f oi another 5^eai oi t\\ o 

Our piesent feeling about this pioblem is that the immediate and eail} 
lesults of pi eganglionic deneivation of the uppei extiemity aie unifoimly 
satisfactory and worth while The degree of tissue damage, or local fault, 
already piesent, is the chief limiting factoi The same is often true of the 
late-i esults, but too fiequentl}'- cooling of the extremity is noted when 
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Fig II — The Hte re=«!t of inti rspimi root section on one extieniitj is compirecl with extra 
spinal root section on the opposite extiemity of the same patient A minor degiee of legtneration 
has taken place in the foimer a model ate degree in the latter Again iiitraspinal root section 
appears to be nioie effective This is usually but not alwi>s so suggesting that the outflow from 
Da and D3 is frequently important If, howevei the outflow m a guen cast, comes chiefla from 
lower dorsal levels, there would he no mateiial difference between the two tjpes of operation, anil 
regeneration, if it took place, would come from the sectioned s>mpathetic trunk 


examined as years pass by In the gieal majority of such instances this can 
be shown to be caused by regeneration This may be sufficient to mateiially 
detract from the result, although one rarely finds a patient who has not bene- 
fited by opeiation Even m the presence of moderate to marked legeneiation 
(Fig 14) patients find then symptoms milder and easier to control A study 
of the circulation of such extiemities, as judged by surface temperature levels 
in a cool envnonment, reveals uhy this is so The regenerated extremity falls 
soinewhei e between the unopei ated and the completely denei vated ai m The 
blood flow IS uell sustained fiom the shouldei to the niiddoisum of the hand 
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^Symp Trunk 


Fio 12 — Only a few centimeters separate the three areas from which re 
generating fibers may come and the decentralized but undisplaced, second dorsal 
ganglion the point where anastomosis presumabh takes place Sympathetic 
fibers apparently lia\e no difficulty in coxering these short distances 



With silk cylinder 


Fig 13 — Our present technic combines intraspmil anterior root section with hgntion of the 
distal end of the dt\ided s\mp'ithetic trunk More recentl> the decentralized second and third 
ganglia and interNening trunk ha\e been covered with 1 fine silk CNhnder to further guard against 
regeneration 


1094 



Volume 112 
Isumber C 


PREGANGLIONIC SECTION 


Even in the piesence of marked legeneiation the base and midfinger tempeia- 
ture levels aie quite high The most marked change is in the finger tip 
Regeneiation is piacticall}' nevei complete, except m some of the eaiher cases 
deneivated by ramisectomy and trunk section 

Because of the umfoimly giatifymg immediate and eaily lesults,’^® and 
because equally satisfactoiy late-iesults have been obtained, it seems desnable 
to peisist m the attempt to prevent and further minimize legeneration which 
IS the principal cause of mfeiioi late-iesults It is peihaps not too much to 
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Tig 14 — When the \nsospastic upper eNtremitj is exposed to a coo) eniironment, and surface 
temperatures are recorded at frequent inters als from the finger tip to the shoulder a characteristic 
curve results The temperature is well sustained from the shoulder to the upper third of the fore 
arm It then falls abruptlj , so that the finger tip is geiierallv below the room temperature When 
s\nipathectom> is complete a high surface temperature is found Almost the same level is main 
tamed from finger tip to shoulder, except when marked organic disease exists before operation 
When regeneration of moderate to marked degree is found, the surface temperatures are sustained 
from shoulder to midhand From there distallj, cooling is noted to he most marked at the 
finger tip This usuallj, however, still remains above room temperature and the relapsed extremitj 
resembles a normal extremitv examined under the same circumstances These findings are in 
accord with the late clinical results which are beneficial to the patient even if definite evidence of 
regeneration can be demonstrated The latter is rarelj complete 


expect that this difficulty eithei may have been or can be solved without in- 
ci easing the magnitude oi iisk of the opeiation 

CONCLUSIONS 

(1) The uppei extiemity can be thoioughly sympathectomized by mtei- 
rupting the outflow fiom the second and third dorsal segments and dividing 
the sympathetic trunk below its thud ganglion The outflow from Di is not 
impoitant in man 

(2) The immediate results aie uniformly satisfactor}’- The late-results 
aie variable This is due to cooling of the extremity, which in most instances 
IS caused by legeneration of sympathetic motor ner\es 
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(3) A ntimbei of vauations in surgical technic aie discussed These 
changes have been made piiinaiily to guard against rcgeneiation 

(4) Even in the presence of a considerable degree of legeneiation, the 
blood flow to the extiemity is impioved, and the lesult worth while fiom the 
patient s point of view Regeneiation is laiely complete 

(5) It seems reasonable to expect that fuither piecautions which have 01 
can be taken against regeneiation will make the latc-iesults even moie satis- 
tactoiy 
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Discussion — Dr Peter Hlinbcckcr (St Louis Mo) We envy the 
uchness of Doctoi Smitbccicks expeiience Mete cmlume of evork, in itself, 
cvould not be significant m this field His contributions to the body of knoev- 
ledge go\ ei nmg the ti eatment of spastic vasculai disease have contained many 
significant physiologic observations We hope that he cvill not take amiss the 
temerity cvhich leads us to diftei with certain of his concepts Concepts deter- 
mine the course of modifications in ti eatment 

Spastic vasculai disease is legaided by Lecvis and cocvoikers as a piimary 
disease of the blood vessel musculatuie In this eve concui, and cc^e believe 
that evidence has been furnished by us to shoev that the blood vessels of in- 
dividuals so afflicted lespond hypei dynamically to neivous and to humoial 
influences The disease may, in itself be piogressic'e but, oidinaiily, its prog- 
less is modified by such influences It is not believed that the disease is due 
to a primary hypei function of vasomotor nerve centeis It is easily under- 
stood, then that cce aie loath to interpret progiession of the disease, after a 
proper sympathectomy, as due to legeneiation of autonomic nerve fibers The 
cnteiion for such regeneration is often the supposed return of var}'ing de- 
grees of sweat gland function Is it certain that the tests employed do not 
jield a positive lesult from the secretion of sebaceous glands and fiom the 
loss of insensible peispiiation^ Doctor SmitliMick has secured evidence of a 
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use in tempeiatuie of the fifth finger, after appropiiate neive blocking This 
could be intei preted as the result of an incomplete deneivation (Di niteriup- 
tion omitted), which makes itself manifest after sensitization from partial 
denervation has had time to develop instead of considering it an expiession of 
sympathetic neive fiber regeneration 

Sympathetic nerve fiber regeneiation following postganglionic denervation 
(removal of ganglia) could at its maximum be trifling The ratio of pie- to 
postganglionic fibers in legions nheie it has been investigated has been found 
to be about i to 30 If, then, all pieganglionic fibeis could be supposed to 
find their way to an end-organ, the effect could not be moie than one-thiitieth 
of the normal Direct action of legenerated preganglionic neuions on effectoi 
oigans has never been demonstrated In the preganglionic type of deneiva- 
tion some of the fibeis, possibly, could connect again with postganglionic neu- 
rons and 111 this way exert a greatei influence All our clinical reports indicate 
that pieganglionic denervation results 111 fewer signs of regeneiation than 
does postganghomc denervation There is no a puou reason why regeneration 
should not occui, also, following lower extiemity ganghonectomy with equal 
facility as m upper extremity opeiations No one will deny that the end- 
lesults of lowei extremity operations are veiy much better than those follow- 
ing upper extiemity operations The explanation, therefoie, piobably does 
not reside 111 the regeneiation factor at all To add fuithei difficulty to the 
theory of regeneiation when needed to explain a leturn of sweating, it might 
be stated that the investigation of Andre Thomas led him to the conclusion 
that the aim and upoei chest segments derived their nerve supply foi sweat 
glands from D5 to D7 In most opeiations now pei formed, the sympathetic 
trunk is cut below D3 and elevated several inches in the wound This would 
ceitainly make regeneration from levels D5 to Dy a hazardous adventure 

It is the belief in our clinic that the uppei extremity is not deneivated 
completely unless the sympathetic fibeis fioni Di are eliminated Man’s 
organization is a modified metameiic one It seems likely, then, that sym- 
pathetic fibers fiom a particular root level would at least supply that level no 
matter what other levels it midrt supply Oui belief is based also on the 
excellent anatomic studies by Albert Kountz m the dog and in the cat in 
which he has shown that as much as so per cent of the sympathetic outflow 
to the arm may come fiom Di The buiden of proof would appear to rest 
on anyone accepting the idea that man chffeis mateiially from these animals 
in his nerve fiber distribution 

It IS granted that pieganglionic deneivation is preferable to postganglionic 
denervation because the sensitization to epmephiine of the blood vessels, 
deneivated preganghonically, is less 

It has been shown, recently, by Homer Smith, that in the prone position 
the circulation of the kidney functionally deneivated by spinal anesthesia is 
not iiici eased ovei the noimal As soon as the upiight position is assumed, 
vasoconstiictoi influences become effective in cutting down the lenal blood 
flow This indicates that m the upright position vasoconstiictor influences 
exeited on the blood vessels of the lower extiemity aie most active It seems 
reasonable to assume that such vasoconstiictor influences, whose measuie is 
dependent upon posture wmuld be much gi eater m the low^er than in the upper 
extiemities Hertzmann, of St Louis, has found that, in the semireclmmg 
position, the blood flow' thiough the toes is always less than m the fingers 
To the extent that this is due to neivous influences dener^atlon of the lower 
extiemities w'ould then eliminate vasoconstrictor influences of gieatei magni- 
tude than in the upper extremit} In this lesides, m our opinion, the main 
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leason foi the bettei clinical lesults of opeiations on the lowei extiemity than 
on the upper m cases of spastic vasculai disease 

Dr James C White (Boston, Mass ) I think that this woik depends 
so much on undei lying animal physiology that it should be woith while to 
spend just a moment to leview the expeiiments upon which it was based 
We know the modem physiologic concept that nerve impulses aie conducted 
electrically ovei the nerve, but that a chemical substance piopagates the dis- 
chaige fiom the nerve ending to the muscle fibeis Fuithermoie, -when the 
nei ve fibei degenerates, the action of the chemical substance on the denei vated 
neui o-ef¥ectoi mechanism becomes greatl}' intensified This pimciple of 
sensitization applies not only to the sympathetic system, wheie adienahn and 
sympathin aie the chemical factors, but also to the pai asympathetic, where 
acetylcholine is the chemical mediator 

The best way to show how impoitant this is is to take a monkey and 
denei vate his aim by cutting all tbe anteiioi thoiacic neive roots fiom the 
second down to about the tenth Those are the ones that give off the vaso- 
constiictoi impulses You do not have to cut the first Having done that, 
follow the skin tempeiatuie of the fingeis as the monkey becomes excited or 
as he leacts to a small dose of adienahn His hands cool off very little Then 
take that monkey and lesect the infeiioi ceivical and fiist and second thoracic 
ganglia on the same side His hand will then cool maikedly as soon as he 
gets excited or is injected with adrenalin Petei Ashcioft, working m Doctoi 
Fulton's laboiatoiy m New Haven, has shown the same phenomenon m the 
lo\vei exti emity 

Now, in the second place, about the tendency of these stiuctures to le- 
geneiate Heie again, animal woik has a gieat deal to show Di Feidinand 
Lee, at Johns Hopkins, pointed out that when the ceivical sympathetic chain 
is cut and the two ends placed on opposite sides of the steinomastoid, the 
pupillaiy leactions return within a peiiod of foui weeks, and m seiial sections 
through the muscle, legeneiating axones can be followed acioss the gap 

An effective sympathectomy, in addition to eliminating the possibility of 
1 egenei ation, must cut all the nerve fibeis to a given aiea Recent woik, in 
Doctor Cannon’s laboiatoiy by Doctor Simeone, has shown that even if you 
destroy 90 per cent of the mneivation of the smooth muscle, the lemaimng 10 
per cent of the fibeis, by secieting sympathin at then endings, can file off 
the pai alyzed poi tion of the muscle So youi opei ation must not only pi event 
1 egenei ation but it must be a complete sympathectomy m addition 

In the thud place, it does not seem fan to apply finei physiologic points 
fiom animals to man That is particulaily true in neuiology, and just because 
you can show vasoconsti ictoi fibeis to the aim m the fiist thoiacic neive of 
the cat 01 dog does not necessaiily piove then presence m human beings So 
fai as I know Doctoi Heinbeckei and Doctoi Kuntz have no evidence to show^ 
that the first thoracic neive cariies impoitant vasoconsti ictoi or sudomotor 
fibeis to the aim m man 

There aie a gieat many neev tests cvhich have been put into general use 
for testing regenei ation — detei mmation of electiical skin lesistance m ohms, 
measuiements of the minute vasoconsti iction that can be observed ivith the 
fingei plethysmogi aph When postoperative patients aie folloived in this 
evay, one can leally determine when regenei ation has taken place, but, so fai, 
these tests ha\ e not been m general use in other clinics 

Because of the extiaoidinai)^ tendency of the preganglionic fibers to re- 
generate this new operation for Raynaud's disease has been fi aught wuth gieat 
difficult} I think Doctor Smithwick deserves extiaoidinaiy ciedit for over- 
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coming these difficulties, and it is really fair to say that at the end of a }eai, 
or even two yeais, after piegcinghonic denervation of the upper, as well as the 
lower extremities, many of the hands of his patients are just as warm as the 
feet 


Dr Max IVI Peet (Ann Aibor, Mich ) I feel that those of us who aie 
peifoimmg neurosurgeiy o\^e a big debt of gratitude to Doctoi Smith\Mck 
and Doctor White for the work that they have been doing, particulaily to 
point out the diflfeience in the final action lietween pre- and postganglionic 
sympathectomy At our vaiious neurologic surgical meetings we fiequently 
argued as to why we obtained such good results in the lo^^er extremities by 
lumbai sympathectomy and almost umfoimly got pooier lesults m the upper 
The latter patient is improved, but on exposuie to cold and paiticulaily under 
excitement or mental stiess, there develops a certain amount of vasoconsti ic- 
tion I think it rarely tended to the point of gangiene m the finger tips, but 
it was lather common that vascular constiiction would be sufficient to cause 
blanching of the fingers and many times pain 

So, when Smithwick first Iji ought out this idea, really originating, of 
course, in Cannon’s laboiatory, that the preganglionic section did not make 
those blood vessels paiticularly sensitive to circulating adienahn and s}m- 
pathin, we immediately took up that approach oui selves I visited Doctoi 
Smithwick, matched him opeiate, and talked it over m detail We have been 
following his technic since I realize that there is probably no pait of the 
nervous system that regeneiates as leadily as does the sympathetic The 
fifth nerve, peripheral to the gasseiian ganglion, is possibly an exception, but 
we have overcome this difficulty by section of the neive cential to its ganglion 

As to how we aie going to overcome these legeneiation tendencies of the 
sympathetic nerves I am not certain, but they do not always regenerate, and 
we have had some cases that have appaiently lemained permanently cuied 
Theie is no question, m my mind, that the first thoiacic nerve does not supply 
sympathetic fibers to the aim We have tested many of these patients by the 
sweating test, and there has been no evidence whatevei that sympathetic 
fibers to the arm come off with the fiist thoiacic There is much evidence 
that the fibers do come off the second, third, and even down as low as the 
twelfth thoiacic 

We have had patients who developed Raynaud’s disease from a proven 
lesion m the brain This I think proves, quite conclusively, that this may be 
a disease of central origin and not a local disease of the blood vessel True, 
aftei Raynaud’s disease has advanced sufficiently you do get local disease in 
the peiipheral vessels, but as a primaiy disease I think it is one of the central 
nervous system The object of the whole operation is to break the connection 
betw^een the central neivous S3'Stem, or at least the spinal cord, and the peri- 
pheial vessels Doctor Smithwnck’s piocedure has been very efficient except 
for the tendency to legeneration I think perhaps he has oveicome that 

Dr Reginald H Smithwick (Boston, Mass ) I dislike to bring up at 
tins time, the question of the etiology of this disease because ever since Ray- 
naud described it in i860, it has been a veiy fiuitful subject for argument and, 
apparently, still is, and perhaps in our present state of ignorance it is less 
impoitant to know^ the etiology of the disease than to be able to select cases 111 
which you can prove beforehand that something really wmrth while can be 
accomplished for the patient Of course time did not permit me to speak of 
the t)pe of cases in wdnch this operation was performed but over twm-thirds 
of them had consideiable evidence of local fault as descnbed by Sir Thomas 
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Lewis, either as the result of long-standing vascular spasm, or because the 
vascular spasm was known to be secondar)'’ to some organic disease of the 
vessel, such as sudden occlusion of major arteries, thrombo-angiitis obliterans, 
arteriosclerosis, and various other lesions I can say that, providing regenera- 
tion IS prevented, these patients with definite organic changes have obtained 
some of the best results m the series, and I disagree with those who would 
limit the field of application of such a procedure to only the very earliest cases 
without evidence of organic change 

Time, of course, did not permit me to summaiize our evidence for the 
fact that Di is not of impoitance in man Doctoi White and Doctor Hein- 
becker have pointed out that the evidence on which the supposition that Di is 
of importance, comes largely from animals While one can draw conclusions 
from animals to man m ceitam regards, it certainly is vei)'^ dangerous to do so 
as far as anatom)'^ is concerned The evidence which we have on this point 
was presented m detail a yeai ago heie m St Louis and published early this 
yeai 

I regret to bring up the matter of the low^er extremity because it really 
has not much to do wath the upper extiemity, as far as this discussion goes, 
but I can say that we have almost as maity cases that have regeneiated in the 
low^ei extremity as w^e have in the uppei exti emity and that i egeneration there 
IS a very important problem Even though one can undertake a much more 
radical procedure from the point of view of separation of the divided ends of 
the trunk m the lumbar region than m the doisal region, nevertheless, as we 
follow our late cases foui, five, six, eight, ten years after operation and check 
on them very carefully, we lealize that a very high peicentage of them have 
significant evidence of i egeneration 

To my mind, we have passed the point where it is a question of knowing 
what to do m order to denervate either the arm or the leg We understand 
that well, and obtain many good, lasting, worth while results The chief 
problem to-day is to pi event regeneiation and, as far as I know, nobody has 
evei found a way to do that as yet 
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A ROLE FOR SURGEONS IN THE PROBLEM OF ESSENTIAL 

HYPERTENSION^*^ 

Peter Heinbecker, M D 
St Louis, Mo 

FROM THE DEPARTMENT OF SDRGERT, M ASHINGTON UNIVERSITl, AND THE BARNES HOSPITAL ST LOUIS, MO 

Conflicting evaluations of the result of splanchnic section foi es- 
sential hypertension aie being made In spite of the enthusiasm of the 
surgeon, the internist has not been convinced of its efficacy The avail- 
ability in this field of follow-up results of longei duration (Craig and Adson 
1939, Peet, 1939, Heinbeckei, unpublished data), together with a better 
understanding of the pathologic physiology of hypertension, makes possible 
this analysis m which an attempt will be made to outline a role foi surgeons 
dealing with the problem of essential hypertension m man In a subject of 
such rapid development as our knowledge of the control of blood pressure, 
one must face the possibility of reading with a sense of embai rassment at 
some later date what one now writes with full confidence The outlook for 
the discoveiy of a substance to neutralize the action of agents known to de- 
crease the caliber of blood vessels in the state of hypertension 111 man is not 
too fanciful to be entei tamed 

FACTORS in normal BLOOD PRESSURE CONTROL 
Blood pressure is determined by the caidiac output and the peripheral 
resistance of the vascular tiee The latter is dependent, primarily, upon the 
caliber of the terminal arteiioles These possess an inherent tone which is 
subject to modifications by nervous and by humoral influences 

Rdle of the Nei’vons System — The nervous control of the size of blood 
vessels is one of the most essential regulatory systems in the body Special 
moderatoi sense oigans located m the walls of the aorta, the caiotid sinuses, 
in the mesentery and, possibly, thioughout the blood vessels of the body le- 
spond to vaiiations in piessure within the ■vessels by discharging impulses 
whose frequency closely follows fluctuations of aiteiial piessuie These im- 
pulses aie tiansmitted to the cai diovascular medullaiy centeis, and from 
these centers ovei the sympathetic and pai asympathetic nerves a stieam of 
impulses modifies the tone and theieby the calibei of the blood vessels They 
modify, also, the late and foice of the heart beat A rise 111 pressure results 
111 a decrease of the vasoconstnctoi impulses, a slowing of the lieait and an 
mciease of vasodilator influences A fall in pressuie lesults m an mciease 
111 vasoconstiictor impulses, a deciease of vagal inhibition of the heart and 
a diminution of vasodilator impulses The circulation 111 the normal in- 
dividual IS thus largely self-conti oiled 

* Presented by title before tbe American Surgical Association, St Louis, Mo , 
I. 2, 3, 1940 
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It IS believed by Smith (1939) that undei basal lestmg conditions the 
normal renal blood flow m man is not tonically affected by nervous influences 
In the upright position leflex vasoconstiictoi influences narrow the afferent 
aiterioles of the kidney appieciably as shown by a decrease in lenal plasma 
flow at a time when the mean aitenal piessure is not deci eased Theie is 
a concomitant fall in the filtration fi action, indicating that the constriction is 
in the afferent rathei than in the efferent ai tenoles 

Rote of the Endooines — The degiee to which the caliber of the blood 
vessels is normally modified by the secietions of the endocrine glands is less 
definitely know'ii Loss of the adienal glands, especially then cortical division, 
is associated with geneialized hypotonicity of all body musculature and with 
hypotension The inference seems justified that these hormones normally 
aid in mamtammg blood \essel tone Pituitaiy hoimones may also play a 
role because total hypophysectomy tends to lowei blood pressure somewhat 
(^^hlte and Heinbecker, unpublished data) This may, howevei, in whole 
or in part, be a consequence of a diminished cardiac output because White 
and Hembeckei (1940) have showm that at ceitam penods following hypo- 
phjsectomy the diodrast plasma cleaiance and, therefoie, presumably the 
lenal blood flow aie diminished as much as 50 per cent 

Role of the Kidney — The lecent demonstiation that the ischemic kidney 
leleases a piessoi substance (Hairison, Blalock, Mason and Williams, 1936) 
suggests that the normal kidney may have, within itself, the mechanism for 
the secietion of humoral substances which can insure the normality of its 
own blood flow by modifying the calibei of the blood vessels of the kidney 
and the body geneially The actual status of this mechanism m the control 
of blood piessuie in the normal individual remains to be established 

BLOOD PKESSURC IN HYPERTENSION 

The blood piessuie changes in essential hypertension are chaiacteiized 
by a rise in both diastolic and systolic pleasures In oider that the diagnosis 
be made, the diastolic pressuie must be laised There is geneial agreement 
that some measure of hypei tension exists when the diastolic pressure is 100 
Mm Hg 01 over This is effected by a geneialized vasoconstriction as it has 
iieen amply demonstrated that cardiac output (stroke volume x heart rate) is 
not modified m essential hypertension Other factors such as blood volume 
and blood viscosity are also noimal 

The State of the A> tones in Hypei tension — The assumption is too often 
made that the vasculai musculature of all persons has identical physiologic 
properties Evidence, much of which, it is true, cannot be easily subjected 
to rigid experimental tests, is nevei theless, at hand to suggest that the re- 
sponsiveness of vascular smooth musculature to nerrous and humoral in- 
fluences ma> vary quantitatively if not qualitatively in different individuals 
The basis for such variations in 1 esponsiveness is legarded as genetic 01 con- 
stitutional and Its nature is not known This concept is suppoited by the 
evidence of a marked diffeience in the cii dilatory response of different in- 
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dividuals on exposure to cold (Hines and Biown, 1933) and to exogenous 
epinephinie (Jensen, 1930) It is also supported by the eMdence that in 
persons exhibiting the Raynaud syndrome (Heinbecker and Bishop, 1938) 
the blood vessels lespond hypei dynamically to nervous and to humoial in- 
fluences when compared with other individuals 

On the othei hand, there is evidence that environmental factors aie re- 
quired to hung out a constitutional piedisposition to hypei tension Thus. 
African Negroes of similai stiain to the impoited Noith Ameiican Negioes 
have little 01 no hypertension while in Ameiica Negroes have hypei tension 
in inci easing degrees (Donison, 1929, and Allen, 1931) This can he inter- 
preted as indicating that ceitain of the impoited individuals were of the type 
possessing blood vessels with an inheient tendency to lespond hypei dy- 
namically to vasopiessoi influences, these individuals, wdien placed under 
envn onmental circumstances which iiici eased such influences, developed hy- 
pei tension Statistics reveal that peisons, one or both of wdiose patents had 
essential hypei tension, have a much gi eater tendency to develop hypei tension 
than do persons neither of whose parents had hypertension (\\Titz, 1926) 
The infeience must not he made that this is an instance of the inheritance 
of acquired characteristics, as geneticists deny the possibility What is 111- 
heiited is the degree of 1 esponsiveness of then blood vessel musculatuie to 
vasopiessoi influences In the authoi’s opinion an analysis of those envn on- 
mental factors known to modify blood pressure and which the Ameiican 
Negio, especially the city dw^eller, is subjected to in gi eater degiee than the 
Afiican Negio leads to the impression that the most important ones act 
thiough the nervous system Such neivous influences could naiiow^ the 
blood vessel caliber directly, or indiiectly, thiough humoral influences Hy- 
pertension could presumably result if such action brought about constiiction 
of the lenal vessels 

Neniogemc Factois m Essential Hypei tension — The impression that neu- 
logenic factors aie in themselves alw^ays lesponsible for the generalized vaso- 
constriction of essential hypei tension can no longer be entertained This is 
evident from the failure of extensive sympathectomy in humans to lower the 
blood pressuie at a time when geneialized and lenal arterial degeneiation is 
not maiked That they may, however, play a role is evident fiom those case 
lepoits m wdiich a definite and sustained drop in diastolic piessuie has fol- 
low^ed splanchnic section That othei factois can bring about hypertension 
is showm by the lepoits of cases in wdnch the blood piessuie has iisen fol- 
lowing a temporary low^enng from splanchnic section where nerve legenera- 
tion can be excluded Experimental evidence that hypertension of lenal 
oiigin can be effected through neivous influences has been afforded b) Hey- 
mans and his associates, in dogs (Giimson, Bouckaeit and Hejmans, 1939) 
Hiese investigators pioduced a prolonged use 111 blood piessuie in animals 
in which sympathectomy, except for the neives to the kidneys and adienals, 
was complete and in wdnch the moderator neives fiom the caiotid aiteiies 
and the aoila w^eie lemoved No hypei tension developed m animals so 

1103 



PETER HEINBECKER 


Annals of Surgery 
December 194U 


treated with the model ator nerves intact The hypei tension was eliminated 
when the nerve supply to the kidneys was removed Their results demonstrate 
that the kidney can play an essential role in the development of hypertension 
and that a nervous mechanism can initiate the process m the kidney which 
leads to hypertension 

No cogent evidence exists to indicate that a defect m function of the 
modeiator mechanism is the cause of hypertension in man Gannon (1936), 
Pickeiing, Kissm and Rothschild (1936) have shown that m persons with 
hypertension, pressuie on the carotid sinus produces as much slowing of the 
pulse and drop m blod pressure as m normal individuals It is true, how- 
ever, in the large majority of cases of essential hypei tension that theie is an 
absence of bradycaidia during sudden uses of blood piessure At present the 
mechanism for this remains unclear 

There remains the possibility that the action of the cential nervous sys- 
tem, especially of the diencephalon, in initiating vasoconstrictor impulses is 
exaggerated m its response to the extrinsic and intrinsic stimuli reaching it 
undei the conditions of man’s existence in modern civilization (Raab, 1931) 
Moie evidence is desirable before the acceptance of this hypothesis 

Endoaine Factois m Hypei tension — Normally, under basal conditions 
the calibei of peiipheial aitenoles is not known to be greatly modified by the 
products of the endocrine glands except m the case of the adienal cortex 
The presence of an excess amount of epinephrine or of adrenal cortical hoi- 
mone such as is found m the presence of tumors of these stiuctures may 
result in hypertension of the essential type which is completely relieved by 
removal of the tumoi 

Cushing’s (1932) description of pituitary basophilism has pointed to a 
possible constiictor role of one of the pituitary hormones when present m 
an excess amount but, so far, no proof of the existence of such a hormone 
has been presented It is suspected by some that the effect may be an indirect 
one thiough the adrenal cortex It seems probable that the action of the hor- 
mones of the adrenal and of the pituitary gland m the mechanism of human 
hypertension is synergistic with that of a pressor substance from the kidney 

The Role of the Kidney m Hypei tension — From the very beginning of our 
attention to blood pressure, clinical studies have indicated that the kidney may 
play an important idle m hypei tension There has been controversy about 
whether the renal pathology is primary or secondaiy The recent work of 
Goldblatt and his associates (1934, and subsequent papers) appfiais to have 
answered this question in their demonstration that renal ischemia leads not 
only to hypertension but also to occlusive disease of the blood vessels of those 
organs of the body in which pathologic studies on human cases of essential hy- 
pertension have shown such lesions to exist That such lesions could not be 
expected to be present m the kidney under Goldblatt’s expei iniental conditions 
IS obvious because m that organ the blood piessuie is low due to the clamp 
placed on the renal arterj^ This, m itself, seems good evidence that the con- 
tinued hypertension has led to the occlusive disease in the other arteries The 
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mechanism of the development of hypei tension by the ischemic kidney has been 
investigated by Goldblatt (1934, he cit ) by Page and Hilniei (1940) and 
others An analysis of then 1 esults indicates that the ischemic kidney releases 
apiessoi substance such as was designated “lenin” by Tigeistedt and Bergman 
(1898) This leads to the pioduction of a geneialized vasoconstriction Ad- 
mittedly, thei e ai e many who do not considei it pi oven that m human essential 
hypei tension this is the mechanism of the hypertension There is no estab- 
lished mechanism to account foi the initiation of the lenal ischemia The lack 
of an explanation of its 01 igm does not invalidate the excellent physiologic evi- 
dence that such ischemia is possible The studies of Smith (1939, he eif ) 
and of Findley and White (unpublished data) show that in patients with early 
hypei tensive disease, befoi e clinical evidence of 1 enal damage is obvious, thei e 
is, neveitheless, a diminished renal blood flow Smith finds that the diminution 
111 tubulai function is sometimes less than is the diminution m blood flow This 
suggests that the diminution of vasculai function is piimaiy in time and that 
the disturbance m tubulai function is the result latber than the cause of lenal 
ischemia The 1 esults of these woikeis fuithei indicate that the immediate 
distill bailee of function is a constiiction of the efterent glomeiular aiteiies 
This IS similai to the effect on the kidney vessels pioduced by epinephrine and 
by lemn (Corcoian and Page, 1939) 

That the Goldblatt pimciple plays a primary role m some forms of human 
h} pel tension is definitely shown by the demonstration that all signs of the 
disease aie in some instances obliterated by removal of a single diseased kidney 
(Barkei and Walteis, 1938) A basis for an impairment of the lenal blood 
flow exists in othei forms of lenal disease associated with hypertension — m in- 
flammatory diseases of the kidney, in the vasculai changes of old age, and m 
the obstructive lesions of the lou ei ui inary ti act where pressure changes m the 
kidney would be expected to be leflected on the lenal blood vessels 

The demonsti ation that relief from leiial ischemia will result 111 the elimina- 
tion of all signs of the disease m man would incriminate the kidney as a primary 
factor m hypei tension beyond any doubt One way m which this might be ac- 
complished is by 1 enal denervation If such a result followed, it would answei 
the question as to uhethei or not nervous influences are responsible foi the 
initial vasoconstriction of the kidney vessels While it is the author’s opinion, 
based on clinical obseivations, that such influences will be found responsible 
foi the initial vasoconsti iction 111 many cases, it is felt probable that m other 
cases humoial influences will be found to play that idle The possibility also 
exists that hypei tension follows fiom a disease process which is piimary m 
blood vessels, pai ticularly the renal blood vessels, of a type m which functional 
narrowing is a fiist manifestation, with later spontaneous progiession to an 
occlusive stage This seems to be the couise of events m certain cases of 


spastic vasculai disease of the extiemities (Heinbeckei and Bishop, 193S, he 
o't ) Heie, nervous and humoral influences meiely modify the rate of progres- 
sion of the disease process which may nevei become of clinical significance 
'Mthout them Such a disease process may be based on a constitutional tend- 
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ency of the blood vessels of certain individuals to respond hypei dynamically 
to normal nei vous or humoral influences Any excess of such influences over 
the normal would exaggerate the blood vessel constriction Such functional 
constiiction would doubtlessly involve the vasa vasorum and might, thereby, 
lead to degenerative changes m the intimal and subintimal layers by interfer- 
ence with then blood supply Evidence in support of such a hypothesis has 
been furnished recently by Winteinitz, Thomas and LeCompte (1938) in 
then discussion of the biology of ai tei losclerosis 

Syne] gistic Action oj a Renal Substance and Epinephune — From an 
analysis of oui end-iesults of splanchnic section in humans, it was evident 
that symptomatic relief from headache, from a sense of cardiac oppression and 
from restlessness was obtained m cases m which there was no lowering of the 
blood pressuie Inasmuch as the operation denervates the adrenals as well 
as the kidneys, it was suspected that the adrenal denervation might be respon- 
sible for such relief in persons with hypertension It was known that adrenal 
denervation lowers the amount of circulating epinephrine No direct evidence 
of the effect of this on the propei ties of nerve elements m the body was avail- 
able However, a depiession of neivous leactions by extensive sympathectomy 
m otheiwise normal animals has been demonstiated by Hines and Brown 
(1933, loc cit ) It seems reasonable to assume that this depression resulted 
from the adrenal deneivation A similai result should follow m man The 
fact that 111 a high percentage of cases in persons with hypertension the re- 
action to cold IS exaggerated, as it also is to intravenous exogenous epine- 
phrine, led to the suspicion that m such persons the mechanism leading to 
hypertension might inciease coincidentally the effect of epinephrine on their 
smooth musculature 

E\pc] iniental Evidence — To investigate this problem cats were used as 
expel imental animals One superior cervical sympathetic ganglion was re- 
moved to sensitize the pupil to epinephune After lecovery from this opera- 
tion the horizontal diameter of the cats’ pupils was measured in a darkened 
1 00m undei standard lighting conditions The measurements were made when 
the cats faced a 300 watt electric light bulb at a distance of two meters After 
training, it was possible to get consistent readings after a pielimmary rest 
peiiod of 15 minutes The smallest diameteis of the left and right pupils 
which could be obtained and the degree of retraction of the nictitating mem- 
branes were noted Then o 3 to o 5 cc of epinephrine i r,ooo (Burroughs and 
Wellcome) in 5 cc of a physiologic saline solution was injected intraperi- 
toneally and the size of the pupils measured at mteivals of ten minutes, until 
they returned to the original or preinjection sizes This usually occurred after 
30 minutes The same procedure was repeated two or three times with an 
interval of four or five days between observations The lesults of the tests 
■were strikingly uniform 

With this dosage of epinephrine there was usually no change in the size 
of the 1101 mal pupil , the sympathectomized pupil generally enlarged o 5 to i 
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Mm The iioimal nictitating membiane usually uas unaffected while the 
sensitized one showed slight letraction 

In 19 animals, in which one oi both lenal aiteiies ueie constiicted by the 
method of Goldblatt, five showed a definite and lasting inciease in the diameter 


A. 




IO^o3o40 

intpaperitoneal injection 'of 0 3cc epinephrine 

llooo iN see o SALINE SOLUTION 




Chart i — Graphs A and B show the responsiveness of the pupils 
of two cats to exogenous epinephrine o 3 cc in 5 cc N/sihne given 
intraperitoneally and their transverse papillarj diameters at various 
intervals after the application of Goldblatt clamps to their renal 
arteries LRA and RRA indicate times of application of clamps to 
left and right renal arteries respectively Broken line for svmpathec 
toniized pupil, solid line for companion pupil 


of both pupils, the sympathectomized ones showing a lelatnely greatei in- 
ciease (Chart i) In fact, m three of the cats the s} mpathectomized pupil 
became equal in size to the normal In five othei animals a tiansient mciease 
m the sizes of both pupils was obtained The remaining animals, some of 
uhich did not live more than a neek, showed no change In all instances, 
where a definite mciease in the size of the pupil was secured, there nas also an 
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increase in then responsiveness as evidenced by pupillary dilation to exoge- 
nous epinephrine In foui othei cats, in which one kidney was lemoved and 
the othei wrapped in silk, according to the method of Page (1939), there was 
a gradual increase in the size of the s3mipathectomized pupil and a modeiate 
increase in 1 espouse of this pupil to exogenous epinephiine In one of the cats 
the sympathectomized pupil became laigei than its companion pupil which also 
increased somewhat m size (Fig i) Both pupils in this animal were greatly 
sensitized to exogenous epinephi me In general, it seems true that the degree 
of increased responsiveness to epmephi me goes hand 111 hand with the degree 
of increase in size of the pupil The tone of the denervated nictitating mem- 
biane as evidenced by its leti action was inci eased followung lenal ischemia in 
over 60 pel cent of the animals It is not possible to judge accuiately the tone 
of the companion nictitating membrane 



Fig I — Photographs showing the pupils of two cats A 
Normal cat one week after removal of right superior sjm 
pathetic ganglion B Another cat three months after removal 
of right superior sympathetic ganglion, removal of one kidney 
and envelopment of other kidney in silk Note in A right pupil 
smaller than left, in B right pupil actually larger than left 

It IS lealized that these expeiiments are incomplete m that no blood pres- 
sure readings aie available In chronic animals autopsy, how'evei, revealed 
definite left ventricular hypeitiophy which may be regaided as fan evidence 
of the existence of previous hypertension Such animals had a moderate ele- 
vation of urea nitrogen (50 to 90 mg %) but there was no coi relation between 
the degree of nitrogen retention and the degree of change in the size 01 respon- 
siveness of the pupils It IS to be noted that the removal of all lenal tissue in 
the 1101 mal or hypertensive cat will, after two days, in itself, sometimes result 
in an enlargement of the sensitized pupil and in an increase in its responsive- 
ness to exogenous epinephrine It seems leasonable to considei on the basis 
of our experiments that the substance 1 eleased from the ischemic kidney which 
increases the tone of the smooth musculatui e of the eye of an animal and makes 
It more responsive to epmephi me is also the pressoi substance Verney and 
Vogt (1938) report that in thiee out of seven hypertensive dogs there was a 
maiked increase in their sensibility to epinephrine when blood pressure re- 
sponse w^as used as a criterion 

Our results are taken to indicate that in certain cats renal ischemia may 
lead to an increase in the tone of the smooth musculature of othei structures 
as well as blood vessels This effect on the eye musculature and possibly also 
on the blood vessels may 1 esult in a coincidental increase in their responsive- 
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ness to exogenous epinephiine This is not construed as indicating that in 
ceitain animals hypertension is due to a sympathomimetic sulistance like 
epinephi me though epmephi me may play a role, f oi instance, in the hyperten- 
sive crises ill cases of human hypertension It also affords a basis for the 
belief that adienal denervation m ceitain individuals may have a veiy definite 
influence on their neivous reactions 

The failure to get positive results m all animals is not explameo It is 
possible that an inadequate degree of renal ischemia was produced m some oi 
it may be that animals like humans differ m their reactivity to stimuli affecting 
their smooth musculatuie 

Effect of Epmephi me and Adi enal Denei-vafion on the Nei vous System — 
The effect of epinephrine on the isolated, spontaneously active ganglion cells 
of the Limulus heait coid is to increase the fiequency and the magnitude of 
the ganglion cell response (Hembecker, 1936) In expeiiments now m pi og- 
ress, the effect of an inciease m the amount of circulating epinephiine on 
the activity of the cential nervous system of the cat is being determined Pie- 
limmaiy lesults demonstrate that such an mciease of epinephrine lesults m a 
loweiing of the thieshold foi the immediate cortical response to saphenous 
neive stimulation and causes an augmentation m the size of this 1 espouse to 
stimuli of a given stiength An mciease m the general cortical activity is 
evidenced by an increase m the size of the cortical potentials 

During activity, the cential nervous system must be influenced by the cir- 
culating epinephrine In view of the results cited, it seems reasonable to 
assume that a diminution 111 the amount of ciiculatmg epinephrine, such as 
would be effected thiough adienal denervation, would raise the threshold foi 
the coitical 1 espouse to afferent stimuli and dimmish the size of the response 
to stimuli of a given value Such effects would seem to afford a possible ex- 
planation of the raised thieshold foi discomfort and the lessened excitability of 
pel sons with hypei tension on wfliom a splanchnic section has been earned out 

Chmeal Effects of Splanchnic Neive Section — From our knowledge of tbe 
mechanism of the pioduction of hypei tension and of the associated effects 111 
animals, ceitain mfeiences can be drawn as to wfliat could be expected fiom 
splanchnic section 111 various stages of the disease m humans Foui case rec- 
01 ds to illustrate the actual results foi comparison wuth those theoretically 
expected aie presented 

Consider, fiist, the stage wdiere the lenal ischemia is bi ought about by 
functional nariowmig of the lenal vessels through neivous influences with no 
ineveisible kidney damage Splanchnic section should permit the lenal blood 
flow' to retuiii to normal, the hypei tension should be completely lelieved 
Such a stage is believed to be illustiated m Case Record i 

Case Record i — I D , wFite, female, age 20 Elevated blood pressure discovered 
during routine examination — only symptom, slight dyspnea on exertion Father died 
of heart disease mother living, has Iw pertensioii Two brothers and one sister haie 
Iwpcrtension Blood pressure 180 to 160/110 to 105 Eyegrounds normal Urea clear- 
ance 76 per cent Urine normal Heart not enlarged After nembutal, blood pressure 
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130/90 In cold pressor test, blood pressure rose from 155/105 to 180/120 Bilateral 
splanchnic section, April, 1938 After operation, blood pressure dropped to 120/60 and 
remained there for eight months Was married, January, 1939 Miscarriage after three 
months’ pregnancy, August, 1939 In November, 1939, blood pressure 144/98, m March, 
1940, blood piessure 165/110 Patient has slight djspnea, is nervous and somewhat 
irritable 

Case Recoid i fuither demonstiates the detrimental influence of piegnancy 
on a patient with potentialities for the development of hypertension Humoral 
influences released during piegnancy piesumably again produced narrowing 
of the denervated lenal vessels of the kidneys, and thereby initiated a disease 
process which, m our expeiience, is progiessive, when not relieved by paituri- 
tion It illustrates a mechanism foi the production of hypei tension unasso- 
ciated with the nervous control of the kidneys Such a mechanism does not 
require the autonomic nei vous system even for its initiation Splanchnic sec- 
tion could not be expected to have any great influence on its progi ess 

Consider, next, a stage m which lenal ischemia initiated through neivous 
influences has been present foi some time and wdiere tbe narrownng of the 
lenal vessels is now^ held to be due to a self-perpetuating lenal piessor sub- 
stance Damage to the 1 enal parenchyma is so slight that tests such as the urea 
deal ance do not reveal any damage to the excretoi y apparatus 

Splanchnic section, by the lelease of v'asoconstnctoi influences, might de- 
ciease the blood piessuie to the same degieeas could be accomidished by rest 
in bed and sedation The effect of the operation would not be sufflcient to 
peiinit the blood pressure to letuin to noimal because the hypertension pio- 
duced expel imentally by the kidney piessor substances is unaffected by total 
sympathectomy, as Freeman and Page (1937) and others have shown In 
this patient, deneivation of the adienals w'ould be expected to relieve head- 
aches, to lessen caidiac oppiession and to effect a general quieting of the 
patient’s nervousness, sleeplessness, etc Such a stage is believed illustrated 
m Case Record 2 

Case Record 2 — C G , white, female, age 43 Father died of dropsj , one sister 
has hjpertension Developed hypertension during her first, and only pregnancy at age 
of 28 Blood pressure as high as 205/140 before delivery On discharge from Mater- 
nity Hospital, blood pressure 128/68 Three years later, blood pressure 160/100 Com- 
plained at that time of nervousness Tvv'o jears after this, NPN 29 mg per cent 
PSP 60 per cent in two hours In 1938, entered hospital with blood pressure averaging 
238/140 Complaints were constant headaches, 13 jears, hjsterical crying spells, two 
years , dizziness with fainting, five j^ears , palpitation, ten j^ears , insomnia, ten j'ears 
Eyegrounds showed moderate arteriolar sclerosis Moderate cardiac enlargement 
Laboratory tests showed urea clearance 84 per cent Urea N 12 mg per cent Highest 
specific gravity of urine attained i 025 Bilateral splanchnic section, November, 1938 
Blood pressure 17 months after operation, 230/130 Patient has been free of headaches 
and palpitation She is less nervous She tires more easilv than before operation Sleeps 
without sedatives Considers operation has been defimtelv beneficial 

Considei, thirdly, a stage of the disease m wdiich the functional constriction 
of the renal vessels has led to actual occlusive disease of these vessels Retinal 
arteriolai sclerosis is definite Renal function tests show a 50 per cent diminu- 
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tion in urea cleaiance The blood piessuie level is high with the diastolic 
pressure fixed at about 130 Mm Hg Symptoms associated with the hyper- 
tension are maiked Depression of the blood pressuie on lest 111 bed is in- 
significant Splanchnic section could not be expected to lower the blood 
piessuie as the renal vessels are nan owed pressor substances and occlusive 
disease to a point where any nai rowing due to neivous influences is insignifi- 
cant Adienal deneivation would effect symptomatic improvement because of 
its influence on the nervous s}stem and the elimination of blood pressuie 
Cl ises ! 

Case Record 3 — ^White, male, age 40, single Known to have had high blood pres- 
sure for a year Recently, has had marked dyspnea on exertion , fatigues easily , un- 
able to work Blood pressure 235/125 Heart definitely enlarged to left Eyegrounds 
show minimal arteriolar sclerosis E C G shows definite myocardial damage Urea 
clearance 50 per cent of normal Highest specific gravity m urine concentration test 
1 012 Urine shows plus albumin Bilateral splanchnic section, March, 1938 Two 
years after operation, patient is working every day Urine shows trace of albumin 
Heart enlargement is less than before operation Dyspnea less than before operation 
No headaches Blood pressure averages 215/135 

Consider, fouithly, a stage of the disease in which theie is widespread oc- 
clusive disease of the renal vessels Theie is diffuse retinal aiteriolai scleio- 
sis with extensive hemoiihage The blood piessuie is markedly elevated, with 
the diastolic fixed at 130 Mm Hg 01 ovei It is not modified by rest m bed 
and sedation Renal function tests show 25 pei cent, 01 less, of the noimal 
amounts of uiea cleaiance Symptoms from the hypei tension are very marked 

Splanchnic section would not affect the blood pressure Symptomatic le- 
lief could still be affoided Progiession of the disease would probably not be 
interfered with Case Recoid 4 is taken to illustiate this stage 

Case Record 4 — H B , white, female, age 47 Alarned and has two grown chil- 
dren Father died of cardiorenal disease, mother of kidney trouble Hypertension for 
five years Complaints were headache, palpitation, cardiac asthma, dyspnea on exer- 
tion, nervousness Blood pressure 260/140 No depression of blood pressure with rest 
in bed and sedation Eyegrounds show moderate arteriolar sclerosis Urine specific 
gravity i 005 Urea clearance 15 per cent N PN 50 mg per cent Moderate enlarge- 
ment of heart Bilateral splanchnic section, February, 1938 One year later, patient 
free of headaches, palpitation less, fewer attacks of “cardiac” asthma, less nervous, living 
fairly normal life Blood pressure 230/130 Urea clearance 23 per cent One year and 
nine months after operation, patient free of headaches, slight edema of ankles which dis- 
appeared on low salt intake Both patient and family satisfied with results of operation 
Blood pressure 240/130 Urea clearance 12 per cent Twenty-three months after op- 
eration, developed a cerebral hemorrhage — death within three days 

Sin go y foi Hypo tension — An analysis of oui lecords thus shows a close 
con elation betw^een the expected and the actual lesult of splanchnic section for 
hypei tension Splanchnic section can reduce blood pi essure to noi mal cvhei e 
nervous influences ai e initiating the ti am of events tvhich lead to a permanent 
stage of the disease piocess It is believed that the only clinical evidence 
justifying the assumption that neivous influences still dominate the picture is 
to be found in the demonsti ation that the elevated systolic and diastolic pres- 
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sures will return to normal on i est and sedation Splanchnic section will not 
lower blood pressure appreciably once the renal ischemia is effected by 
mechanisms not undei nervous contiol Symptomatic relief from “nervous” 
symptoms will be afforded in over 70 pei cent of the cases This, foi reasons 
given, IS considered an effect of the adrenal denervation It is secured re- 
gal dless of the effect on blood pressure Evidence has not yet been accumu- 
lated for sufficiently long periods on a large enough number of cases to wai lant 
any statement as to the influence of splanchnic section on the pi ogress of the 
disease 

In the author’s opinion, the 1 ole for the surgeon m the problem of hyper- 
tension IS to deteimme whether or not and in what types of cases renal- 
adienal denervation pei formed at the very onset of the disease, before there 
IS any fixed blood pressure elevation, will effect a peimanent drop in blood 
pressuie and restore renal circulation to normal He will, thus, solve the 
question as to what pait the nervous system pla)"s in the initiation of the 
disease He will doubtless also secure evidence as to the frequenc}’’ with which 
causes other than nervous ones are lesponsible for the initiation of the hyper- 
tensive state Only when such evidence is available will it be possible to select 
the cases suitable for splanchnic section 

SUMMARY AND CONCLUSIONS 

Essential hypei tension 1 esults when there is nai rowing of peripheral arteri- 
oles with a maintained cardiac output The vascular narrowing, presumably, 
IS effected by a renal piessor substance leleased during a state of lenal 
asphyxia 

It IS believed that the initiation of the renal arteriolar nai rowing necessary 
to bring about the renal asphyxia may be effected by nervous 01 humoial 
influences 

Regardless of the manner of its initiation, the process can become self- 
perpetuating Neither nervous nor endocrine influences need, thereaftei, play 
an essential lole 

It IS regarded as highly probable that hypertension occurs particulaily in 
persons whose blood A^essels are so constituted that they respond hypei - 
dynamically to vasopressor influences If such pressor influences are present 
m abnormal amounts, even normal renal blood vessels may constiict suf- 
ficiently to initiate renal ischemia 

Experimental and clinical evidence is cited to show that continued func- 
tional narrowing of blood vessels leads to occlusive narrowing The degenei a- 
tive changes characteristic of the occlusive disease are presumed to follow 
interference with the function of the vasa vasorum 

Splanchnic section may be expected to relieve renal ischemia initiated by 
vasoconstrictor influences if the renal ischemia has not become self-perpetuat- 
mg 

Evidence that epinephrine loweis the threshold for excitatory influences on 
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the nervous system and increases the magnitude of the coitical response to 
identical peripheral stimuli is presented 

The symptomatic relief aflforded by splanchnic section, m cases where 
there is no diop m blood pressure, is consideied due to adrenal deneivation 
Experimental evidence that a substance produced as a consequence of 
leiial ischemia may mciease, in ceitain animals, the tone of the smooth muscle 
of the Ills and nictitating membrane is lepoited Undei such circumstances 
the effect of exogenous epinephime on these stiuctures is also enhanced 
Typical case lecoids showing the effect of splanchnic section at vaiious 
stages of hypei tensive disease aie piesented 

A idle foi the suigeon m the solution of the pioblem of essential hyper- 
tension IS to determine the number and types of cases in which neivous in- 
fluences set into activity the mechanism by which hypertension is initiated 
This can be done only if cases are treated m their initial stage 
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FACTORS INFLUENCING THE PROGNOSIS IN 
OSTEOGENIC SARCOIVIA'' 

Bradley L Coley, M D 

AND 

John L Pool, M D 
New York, N Y 

FROM TIIL BONE TUMOR DFP\RTMENT MEMORIAE nOSPIT\L NFM lORK, N 1 

Anyone who has had an opportunity of following a considerable number 
of cases of osteogenic sarcoma ovei a period of yeai s must admit that the results 
of treatment aie not encouraging The clinician is baffled by the fact that, wdiile 
appioximately four-fifths of all cases tei inmate fatally m less than five years, 
an explanation of wdiy the other one-fifth survive is still lacking 

That a numbei of factors combine to influence the pi ognosis seems obvious 
We feel that the resultant of all these factors determines, m a given case, 
wdiethei the patient wnll succumb or suivive 

With a view tow'ard attempting to evaluate these factors, w^e have recentl}’^ 
studied a gioup of 217 cases of osteogenic saicoma obser^ed at the Memorial 
Hospital Included aie 53 cases without microscopic confirmation, and, m 
addition, an indeterminate gioup of four cases (see Table IX) Excluding 
these 57 cases, w'e have a detei inmate gioup of 160 cases, all wnth microscopic 
confirmation Of these, 12 1 aie listed as failures, 117 having died of sar- 
coma, and four others with the disease still present being lost to follow'-up 
Theie remain 35 cases fiee of disease five yeais after treatment, winch, based 
on the detei mmate group gives a five-year survival rate of 22 per cent 

Among the factors we have considered are Age, sex, interval elapsing 
between onset of symptoms and amputation of limb, anatomic location of 
tumor , biopsy , histologic grading of tuinoi , and nature of treatment employed 
Age Incidence — The material has been divided into what seems to be 
significant age-groups, that is, each enibiacmg a decade (Table I) While 
no age-group is immune, the peak incidence occurs m late adolescence The 
most significant inferences concein patients m the first decade Here, re- 
gal dless of duration, symptoms 01 histologic pattern the prognosis is ex- 
ceedingly bad In patients ovei 40 the prognosis is nearly as bad There 
weie 46 patients from 40 to 70 years of age Of these, six or 13 per cent 
suivived Included were nine wnth Paget’s disease on winch osteogenic sar- 
coma w as secondarily engrafted The ages of the latter ranged from 43 to 63 
Of these, but tw 0 survived, one an ilium case and the other a femur 

Am Distnbufion — Of the 160 cases, 100 or 60 per cent w^ere males 

* Presented b^ title before the American Surgical Association, St Louis, Mo , Maj 
I, 2, 3, 1940 
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OSTEOGENIC SARCOAIA 
Table I 

AGE INCIDENCE 

Memorial Hospital Series, iQif-igss 
i6o Cases, Proven Histologically — 35 Fue-Year Survivals 



However, the survival late of the females was 28 pei cent as compaiecl vith 
18 per cent in the males We are unable to account foi this appaiently bettei 
prognosis m the female (Table II) 


Table II 

SEX DISTRIBUTION 



Total 

Dead of 
Disease 

5- Year 
Survivals 

Male 

100 

82 

18 

Female 

60 

43 

17 


— 

— 

— 

Totals 

160 

125 

35 


Pathologic Fiactuie — This complication, which occuried m 15 cases, or 
approximately 10 per cent of the total number, might be expected to have a 
seiious influence on the prognosis In an eailier communication,- 21 pei cent 
of 122 cases had this complication, and the duration of life aveiaged ten 
months less than in the cases without fiacture In this study, we found that 
01 the fatal cases the duration of life was halved One \\ould expect, how- 
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ever, that cases with fiactuie would show a suivival peicentage much lower 
than the cases without fracture Eaily pathologic fracture is seen most often 
in lapidly growing, histologically malignant tumors The factoi of fiacture 
itself, by pioducing intiatumoral hemoirhage and favoiing the libeiation of 
cell emboli m the mannei in which fat emboli are dischaiged after uncompli- 
cated fractures, would seem to be of importance Yet, of the 15 cases, three 
survned, giving a rate of 20 pei cent, which is only slightly lowei than that 
foi the senes as a whole (22 per cent) 

Infoval Elapsing Between Onset of Symptoms and Amputation — A 
comparative study of the failuies and successes shows that theie was an 
intenal of one year or moie in 18 pei cent of the patients that died, and in 
22 per cent of those that suivived This variation is not significant It does 
seem important to considei the causes of this procrastination While m some 
the mildness of the S3nnptoms was appaientl)'- responsible, m the majority it 
may be attiibuted to failure to make a coriect diagnosis, resulting m a loss 
of time vhile impiopei tieatment was being administered Failure to make 
1 oentgenologic examination of a painful extremity is the commonest erioi, 
and sometimes an inadequate examination was lesponsible The roentgeno- 
giams should include a considei able aiea proximal to the point of pain, and 
views in several planes and stei eoscopically aie advisable 

In the gioup that died, the 37 pei cent who came for early treatment all 
had highly malignant tumois A laige majoiity of those in the first decade 
and in the fiist half of the second decade also had tumois of high malignancy 
The patients who delayed for fiom three to 12 months include many vho 
had relatively low-giade 01 peripheially situated tumois, yet these tumois 
because of the delay, had had time to metastasize It is believed that earlier 
tieatment would have cuied some of these patients 

In the five-yeai survivals, the longest inteival between onset and tieat- 
ment occuired m the case of a female, age 29, with a low-giade chondro- 
saicoma expanding the anterioi portion of the left fifth rib She waited 
for seven years aftei fiist noticing the swelling in this iib befoie seeking 
medical advice Another patient, who waited for five yeais, had a medullary 
chondiosaicoma involving the lower two-thirds of the left humerus — a slowly 
glowing but definitely malignant tumor 

Anatomic Location of Titmoi — Om study discloses that the femur, 
especially the lowei third, is the most frequent site, with the upper ends of 
the tibia, the humerus, and the fibula, langing in order In the tubular bones, 
osteogenic saicoma occuis most fiequently in the metaphyseal region, tending 
to invade both the epiphysis and diaphysis secondarily That it should occur 
most leadily in the metaphyseal regions of greatest growth is not surprising 
The peiipheral sites of 01 gin appaiently offer a better prognosis than do 
those more centially located, thus, osteogenic saicoma of the bones of the 
foieaiin and of the feet gives a better than 50 per cent piognosis Also no- 
table is the femur, no survivals occurred m cases primaiy in the middle 01 
uppei third, although some cases surviving five years with a primary site in 
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the lower third of the bone did ha^e extension inoie than a third of the ^^ay 
up the shaft 

The raoitality foi osteogenic sarcoma located in the flat bones and the 


Table III T\ble IV 

PRIMARY SITE IN l60, HISTOLOGICALLY PRIMARY SITE IN 35 PATIE^TS WHO SUR\ IVED 

PROVEN, CASES OP OSTEOGENIC SARCOMA EIVE YEARS FROM TIME OF TREATMENT 



libs is Morse even than that for osteogenic saicoma in the extiennties, in this 
senes one of each suivives (Tables III and IV) 

Biopsy — ^Aspiiation biopsy, in our hands, has pi oven an excellent method 
foi establishing the diagnosis, and has been successful m o\ ei three-foui tbs of 
the cases in which it has been attempted 

The use of open suigical biopsy, despite the inherent theoretic dangeis, 
has a definite place In our senes, 58 such biopsies were pei formed — 42 
in the unsuccessful and 16 in the successful gioups The inadMsabihty of 
lesoitmg to ladical suigery without a pathologic confiimation of the diag- 
nosis is nell knonn In selected cases, propeily perfonned biopsies weie not 
followed by complications and e^en Mhen amputation had to be performed 
m the couise of the next week or tno, there nas no appaient increase in 
the moitaht) late Fungation and ulceration have followed impioperly pei- 
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Fig 3 


Fig I — A low gnde chondrosarcomi shonmg 
well defined demarcation between cartilage and fi 
brous capsulae (X45) 

Fig 2 — \ low grade periosteal fibrosarcoma 
sliowing relatiie uniformity of cell moderate!} 
well defined structure of fiber bundles and poor 
\ascuhritv (X45) 

Fic 3 — An average cliondroscarcoma in which 
cells are numerous Nuclei tend to be large and 
variable in shape and staining Intercullular sub 
stance is moderate in amount (X45) 

Fig 4 — A cellular spindle cell osteogenic sar 
coma of medullarv origin and average malignancy 
(X45) 

Fig s — A high grade osteogenic sarcoma show 
ing cell pleomorphism telangiectasis and a mucoid 
stioma (Xi2d) 
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formed biopsies Probably, the procedure should be, to lesene open biopsy 
for cases in which the aspiration method has failed If an immediate ampu- 
tation IS decided upon, the biopsy should be performed, using a tourniquet so 
that the amputation can be carried out at once if the pathologist’s lepoit on 
the frozen section or smear is that of sarcoma 

These open biopsy wounds should invaiiably be closed ^Mthout diainage 
and never packed Failure to observe this precaution has lesulted in funga- 
tion of the wound, secondary infection, and alteiation of the growth late, 
thus precluding adequate later treatment 

Pathology — The grade of malignancy encountered must be determined b) 
an evaluation of a number of factors The gross pathologic pictuie is im- 
portant, for it shows the piesence oi absence of invasion into the epiphysis, 
whether the tumor is medullary, periosteal or both m its extent , and whethei 
the adjacent soft parts are invaded Extension of tumor tissue for a con- 
sideiable distance up the narrow cavity, invasion of the femoial oi axillaiy 
vein, extensive infiltration of overlying soft parts, tissue of a telangiectatic 
character, all are of extremely unfavorable significance, conveisely, their 
absence is more favorable 

Micioscopicall}^ the grade of malignancy is demonstrable by a unifoimity 
or pleomorphism of the cell type and we feel that m a given case, the most 
highly malignant area seen under the microscope should deteimme the grade 
That such giading of the tumor is of importance in the outcome of the case 

15 seen m Table V, which indicates a survival rate of 40 pei cent foi low-, 

16 per cent foi average-, and 15 per cent foi high-grade tumors The fact 
that the average- and the high-giade tumors have an almost identical survival 
rate might indicate that histologic criteiia of the two gioups are less distinct 
than are those of tumors of low-giade malignancy 


Table V 
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Pathology 



(i) Patients dead of disease 


125 

a Tumor of low-grade malignancy 

21 or 17% 


b Tumor of average-grade malignancy 

82 or 65% 


c Tumor of high-grade malignancy 

22 or 18% 


Total 

125 


(2) Patients surviving five years 


35 

a Tumor of low-grade malignancy 

15 or 43% 


b Tumor of average-grade malignancy 

16 or 46% 


c Tumor of high-grade malignancy 

4 or 1 1 % 


Total 

35 


In other words, of 36 cases wuth tumors 

of low’^-giade 

malignancy, 40 


per cent survived five }eais, of 98 wuth tumors of a\ ei age-grade malignanc}, 
16 per cent survived five years, and of 26 with highh malignant tumors, 
per cent survned fi\e yeais 
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Methods of Ticatuicnt — Amputation Amputation has been, and still is, 
the most generally accepted method of treating operable osteogenic saicoma 
There aie, howevei, exceptional cases m which less radical surgical measures 
ma}^ be indicated That amputation should be performed at once and without 
recourse to ladiation is debatable 

Of 92 cases subjected to amputation, theie weie three opeiative deaths, 
in each instance the opeiation was carried out at another hospital 

Of the remaining 89 cases, 60 died of the disease and 29 lived for five 
years 01 more, a suivival rate of 32 pei cent 

Analyzing this group still fuithei we find the following Of 17 cases 
tieated by amputation alone, five, or 29 per cent, survived five years, of 21 
cases tieated by amputation after prelimmarj? surgery, seven, or 33 per 
cent, survived five years, of 41 cases treated by amputation after radiation, 
14, or 34 per cent, survived five years 

Table VI shows the deaths and survivals m those cases amputated during 
the fiist SIX months, in the second six months, and one year or more after 
the onset of symptoms 


Tablp VI 

ANALYSIS or RrSULTS IN 89 CASES OF OSTEOGENIC SARCOMA SUBJECTED TO AMPUTATION 

I to 6 Months* 7 to 12 Months 13 Months Plus 



Total 

Dead 

of 

Dis 

ease 

S-Year 

Sur- Per 

VI \ al Cent 

Dead 

of 

Dis 

ease 

5 Year 
Sur- 
vival 

Dead 

of 

Dis- 

ease 

S-Year 

Sur- 

vival 

Dead 

of 

Dis- 

ease 

S-Year 

Sur- 

vival 

Total subjected to 
amputation 

89 

60 

29 

32 

35 

7 

IS 

9 

10 

13 

Amputation only 

17 

12 

5 

29 

4 

3 

6 

I 

2 

I 

Amputation after 
preliminary con- 
servative surgery 

21 

14 

7 

33 

10 

3 

2 

2 

2 

2 

Amputation after 
radiation 

41 

27 

14 

34 

18 

1 

5 

5 

4 

8 

Amputation after 
radiation and other 
surgery 

10 

7 

3 

30 

3 

0 

2 

I 

2 

2 


* Interval of time in each case refers to months elapsing between first appearance of tumor and date of 
amputation 

In geneial, this table tends to support Ferguson’s"’ assertion, based on a 
somewhat similar survey of cases on file with the Bone Sarcoma Registry, 
that the cases in m Inch amputation was performed aftei a lapse of six months 
from the appearance of the first symptom showed a higher peicentage of 
fiAe-yeai survivals than did those m which amputation was perfoimed during 
the first six months In our opinion, however, it has by no means been estab- 
lished that delayed amputation was lesponsible for the better results The 
question naturally arises Why Avere some amputations pei formed at once and 
why w^ere some delayed ^ W e offer the follownng answei Those cases ampu- 
tated early had much more rapidly growing, symptom-pi oducing tumors, and 
repiesented tumors of a higher degiee of malignancy as shown by the histo- 
logic giading For example Forty-two cases were amputated within six 
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months of onset of symptoms Only thiee, or 7 pei cent, weie low-giade 
tumors, and 21 per cent were highly malignant The suivival late ^^as 16 
per cent for this gioup Cases amputated bet^^een six and 12 months aftei 
onset showed eight out of 24, or 33 per cent, low-grade tumois, the gioup 
as a whole had a suivival rate of 39 per cent, and a 50 per cent sunival m 
the low-grade tumors Cases m which amputation was delayed for moi e than 
a year (23) included eight, 01 35 per cent, low-grade osteogenic sarcomata 
Hei e the sui vival rate was 56 per cent for the w hole gi oup , and 62 pei cent 
foi the low-giade tumois The piopoUton of lozvej dcgiecs of luahgiiaucy 
thus, beats some lafw to the sutvwal late 

We believe that delay, of itself, is undesirable, and, if geneially piacticed, 
will result 111 fewer suivivals If, foi any reason, a delay is enfoiced upon 
the suigeon, then heavy ladiation wuth loentgenotherapy should be adminis- 
teied 111 the interval Less harmful effects of procrastination aie apt to 
follow this piactice We have not obseived, except 111 cases heavily radiated, 
any rhythmic periods of activity and quiescence, as desciibed by Feiguson 
Noi do we believe that excision is useful 111 “ci eating a piopei time to 
amputate ” Excision should be reserved for exceptional cases both as to 
anatomic considerations and low-grade malignancy 

If, when the patient is first seen, tumor cells aie assumed to be m the 
cii dilating blood, we doubt that radiation, resection 01 amputation can exeit 
any inhibitory action upon them This highly desirable effect, w^e believe, 
must await a more efficient systemic agent than has as yet been discovered 
The effect of bacterial products on ceitain malignant tumors m animals seems 
a possible lead m this direction 

Level of Amputation — The dictum that amputation should be cairied out 
at least at the next highei joint and nevei thiough the bone involved is, in 
oui opinion, without suppoit While admitting that, m most instances, it is 
desirable to avoid tiansecting the affected bone, w^e do not feel that a hip- 
jomt disaiticulation should he lecommended for every osteogenic saicoma 
of the low^er end of the femur The lesults w^ould seem to show'- that hip- 
joint disarticulation is not moie effective than subtiochanteiic amputation 
W'heie judgment is used in the selection of cases foi the less ladical pioceduie 
We believe it significant that of the 29 five-yeai survivals treated by amputa- 
tion, 15, 01 moie than 50 pei cent, w^eie amputated through the bone iinolved, 
foul w'eie disaiticulated thiough the pioximal joint, and ten weie amputated 
through the pioximal bone (including inteiscapulothoiacic amputations) 
Furthermore, theie w'eie 43 femur cases tieated by amputation, of ivhich 
foui had hip-jomt disarticulation, wuth no suivivals Of the lemaming 39 
in wdiich high thigh amputation was peifoimed, there were 12 survivals 
(Table VII) 

Resection — Resection was attempted m 17 cases There were only two 
five-yeai suivivals, te ,z rib and a tibia Resection alwa3s carries the risk 
of a recuiience wdiich calls foi fuithei operation and, perhaps, late ampu- 
tation 
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Table VII 


SITE or AMPUTATION 



No of 


5-Year 


Cases 

Failures 

Survivals 

Submitted to amputation 

92 



Suitable for end-result study 

89 



Amputated through bone involved 

42 

27 to 65% 

15 or 35% 

Amputated through yowi< proximal to bone involved 

19 

15 or 78% 

4 or 21% 

Amputated through bone proximal to bone involved 

28 

18 or 65% 

10 or 36% 

Totals 

89 

60 or 66% 

29 or 33% 


* Includes interscapulothoracic disarticulation 

Radiation — Radiation alone was employed in 35 cases, with 32 deaths and 
thiee five-yeai survivals In the latter, the tumor was located in the tibia, 
humerus and ilium In two cases, the tumoi was supeificially located with- 
out much soft-pait tissue between it and the souice of ladiation All received 
heavy ladiation In one case, interstitial radiation by means of removable 
radon needles w^as administered in addition to external radiation wnth the 
ladium element pack It should be especially noted that in each instance the 
tumoi was of a low-grade, slowdy glowing type 

Radiation as a preoperative measure will often alleviate pain and some- 
times cause a diminution in the size of the tumor, thus rendeiing it operable 
Radiation may hold the disease in check wdiile the patient and his family are 
being convinced of the necessity for amputation 

One must conclude that preoperative radiation is worthy of a continued 
tiial from the fact that of 41 cases in this series tieated by amputation after 
ladiation, 34 per cent lived for five yeais — a slightly higher percentage than 
w'as obtained in the gioups treated by amputation alone or amputation following 
prehminaiy surgery 

In the following three cases the patients survived five years following 
ladiation therapy alone 

Case I — B S R No 1453 G R , female, age 36 In February, 1929, a swelling 
was noted on the anterior aspect of the proximal third of the left arm This slowl> 
increased m size, and an incisional biopsy was performed ii months later Four months 
thereafter, the patient was examined by Doctor Ewing, at the Memorial Hospital, who 
made a diagnosis of periosteal fibrosarcoma on the biopsied tissue Roentgenologic ex- 
amination revealed no bone destruction During the course of 20 days, the patient received 
a tissue dose of 4,700 r to the tumor (one-third by external radiation with the 4 Gm 
element pack, and two-thirds with platinum filtered removal needles) At the present 
time, nearly ten 5 ears later, the arm function is normal, although there is marked fibrosis 
at the site of the tumor 

Case 2 — H F , male, age 21, in June, 1931, struck his right shin a sharp blow 
against the rim of a barrel A hematoma developed which did not absorb Roent- 
genologic examination revealed an expansile, central, cvstic area of destruction in the 
lower third of the tibia Doctor Ewing examined a biopsy section and reported it to be 
a low-grade fibrosarcoma of medullar3' origin A tissue dose of 900 r (200 KV) was 
administered to the upper and lower half of tumor, w'hich had showm no further increase 
in size Similar smaller cjstic defects have been noted in other tubular bones 
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Case 3 — B S R No 1517 S G, male, age 59, first noticed pain in the region of 
the right hip in February, 1930 This was followed six months later b\ weakness of the 
right leg on standing, and a sw^elling m the groin one \ear later Nearlj three jears 
after the onset of disability, a physician w'as consulted w-ho referred the patient to the 
Memorial Hospital Roentgenologic examination revealed a huge, destructne, osteoljtic, 
expansile process of the right ilium There was also evidence of Paget’s disease in the 
femora, tibiae and humeri A punch-biopsy section from the ilium w'as examined and 
pronounced an osteogenic sarcoma of spindle and giant cell type Between January 31 
and May i, 1931, a tissue dose of 3,200 r (200 KV) w'as administered Theie w'as 
progressive flattening of the acetabulum but 18 months later the tumor showed complete 
recalcification wdnch remained unchanged until the patient’s death in Januar}, 1940 One 
year previously, the radiated skin in the groin had become ulcerated, but the patient 
refused further hospitalization and died as an indirect result of this ulceration but wutliout 
evidence of active sarcoma (Table VIII) 

Toxin Treatment — (The mixed toxins of eiysipelas and Bacillus pi 0- 
digwsiis, 01 Coley’s toxins ) The toxins were administered in 91 cases in this 
series, of which 20 survived The part they played in the five-year suivivals 
IS veiy difficult to evaluate They seem definitely indicated during the post- 
operative period in young individuals and, m geneial, in combination wth 
amputation and possibly preoperative ladiation m highly malignant tumois 
The lecent expeiimental studies of Schw^artzman and his associates,^’ Andei- 
vent, Fogg, Jacobi and others, on the effect of bacterial products on malig- 
nant tumors, are confirmation of the fact bi ought out many years ago by 
Fehleisen,® W B Coley,*’ Lassar^® and Spronck^^ that bacterial pioducts 
sometimes exert a piofound effect upon malignant tumors 

Table VIII 


METHODS or TREATMENT OE I 44 CASES OF OSTEOGENIC SARCOVV"^ 






j to 6 Months 

6 to 12 

Months 

13 Months Plus 



Dead 


Dead 


Dead 


Dead 




of 

5- Year 

of 

S-Year 

of 

5~Year 

of 

5- Year 



Dis- 

Sur- 

Dis- 

Sur- 

Dis 

Sur- 

Dis- 

Sur- 


Total 

ease 

vival 

ease 

\ival 

ease 

Mval 

ease 

V IV al 

Amputation only 

17 

12 

5 

4 

3 

6 

I 

2 

I 

Amputation following biopsy 

15 

12 

3 

9 

2 

2 

I 

I 


Amputation following radia- 










tion 

41 

27 

14 

18 

I 

5 

5 

4 

8 

Amputation follow mg resec- 










tion 

4 

I 

3 

I 



I 


2 

Amputation follow mg curet- 










tage 

2 

I 

I 


I 



I 


Amputation following radia- 










tion and resection 

6 

4 

2 

2 


I 


I 

2 

Amputation following curet- 










tage and radiation 

4 

3 

I 

I 


I 

I 

I 


Resection only 

17 

15 

2 

6 


4 


5 

2 

Radiation only 

35 

32 

3 

22 

I 

7 


3 

2 

Curettage and radiation 

3 

2 

I 

2 




I 


Totals 

144 

109 

35 

65 

8 

26 

9 

19 

17 


* Of the entire group of 160 cases 16 rrere unsuitable for this analysis /: Three died folloiMng operation 
sewhere, nine had only palliative treatment following metastases and four were too far advanced for 
treatment 
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Further experimental work along the lines of treatment hy bactei lal pi od- 
ucts IS, undoubtedly, necessary While for osteogenic sarcoma we are not 
prepared to claim foi the toxins any well-established therapeutic effect in the 
pievention of metastasis, we still feel that their use following amputation is 
woith while, paiticularly is this true of the highly malignant anaplastic types 
which have an exceedingly unfavoiable prognosis by amputation alone 

An evaluation of the effect of the vaiious methods of treatment and of 
the histologic charactei of the tumor present is best appioached by a con- 
sideration of the problems laised m the individual case In the following 
ten cases, we have tiied to weigh carefully all the favorable and unfavorable 
featuies in an attempt to explain wh}'^ the patient did oi did not survive 

Case 4 — G M , male, age i6, noticed a swelling m the midshm ten days after a 
direct trauma This diminished but never entirely disappeared, and because of increas- 
ing local pain, the patient appeared at the Memorial Hospital nine months later The 
pain was relieved by a moderate dose of 200 KV roentgen ray, amputation was per- 
formed four months after admission 

In this patient’s favor are the following (i) That he is in later adolescence, (2) 
that a relatively peripheral bone is involved, and (3) that the tumor responded, at least 
somewhat, to radiation, as indicated by relief of pain On the other hand, there was a 
13 months’ delay betw'een the onset and the amputation While the specimen show's a 
tumor partiallv cartilaginous, it invades the epiphysis and the soft tissue Microscopically, 
there are cartilaginous areas shownng radiation effect, and also areas of highly malignant 
sarcoma The patient has had no recuirence in ten 3'ears 

Case 5 — M B , female, age 1 5, had pain and sw'ellmg of the right knee over a 
period of two months Roentgenologic examination showed an osteogenic sarcoma, par- 
tially sclerosing Follow'ing tw'O negative aspiration biopsies, a formal biopsy and im- 
mediate amputation w'ere performed, after w'hich a course of Colej’s toxins w’as given 
The patient has remained well for six j'ears 

Although microscopic studies show'ed a highlj' malignant spindle and giant cell 
tumoi, osteoljtic in many areas, and despite the patient’s age, prompt and decisive treat- 
ment resulted in a survival bej'ond the five-j'ear peiiod 

Case 6 — G K, male, age 31, noticed pain in the light knee for one and a halt 
months before consulting his local doctor The latter treated him w'lth ointments, mas- 
sage, and ultraviolet light for three months before sending him to the clinic An im- 
mediate high thigh amputation w'as performed without a preliminary biopsj', follow'ing 
W'hich a postoperative course of toxin treatment w'as instituted Pulmonary metastasis 
appealed eight months later Pathologicallj, this tumor of the low'er femur w'as a low'- 
grade chondrosarcoma Its location, and the age of the patient w'ere favorable factors 
but the early faulty treatment probablj' aided materiallj' in disseminating the disease 

Case 7 — J H, female, age nine, was admitted tw'O months after onset of pain in 
the midthird of the right arm The lesion, as seen in the roentgenograms, w’as confirmed 
bv aspiration biopsy Despite a shoulder-joint disarticulation and strenuous course of 
Coley’s toxins, metastases appeared, first in the left tibia, then in the femur, and finally 
in the skull and lungs The tumor was a highh malignant chondrosarcoma, probably of 
periosteal origin Here, despite the relatively favorable site and the prompt and strenuous 
therap\, the relatne jouth of the patient and the malignancy of the tumor determined 
the fatal outcome 

Case 8 — R B, female, age 16, complained of pain and rapid enlargement of the 
light upper arm over a period of tw'o months Moderate radiation and a course of 
toxins were administered for tw'o months w’lthout visible effect on the tumor A complete 
fracture occurred through the tumoi and a disarticulation of the humerus w'as performed 
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Pulmonary metastases appeared three months later Pathologicalh , this tumor was 
medullary, subperiosteal, and had invaded the adjacent soft parts quite extensueU — a 
factor which, ivith delay in amputation and the presence of a pathologic fracture, strongl} 
influenced the outcome 

Case 9 — L , male, age 23, noticed pain and swelling one daj after a light blow 
just below the knee The patient came to the Memorial Hospital for treatment within 
the next four or six weeks No biopsy was taken, but heavy dosage of gamma radiation 
was carried out for three months, followed by a midthigh amputation and a course of 
toxins Pulmonary metastases appeared one month later The gross specimen showed a 
tumor filling the marrow cavity, invading the epiphysis, and even elevating the joint 
cartilage, there was also marked invasion of the adjacent soft parts Microscopicalh, 
the tumor showed much calcification, and many large spindle and giant cells indicative 
of a high-grade of malignancy Despite the favorable site and the prompt medical 
consultation, the disease had already spread elsewhere by the time that the leg w-as 
removed Perhaps the delay incident to the preoperative radiation lost for this patient 
his chance of a cure 

Case 10 — J S, male, age 12, had had a tonsillectomy perfoimed because of pains 
about the left knee Four months later, a roentgenogram w'as taken and the patient was 
kept under observation for another tw'O months At the end of this time, a swelling 
appeared An aspiration biopsy yielded a diagnosis of osteogenic sarcoma, and the 
patient w'as referred to the Memorial Hospital for treatment (eight months after onset) 
A ten-day course of high voltage roentgenotherapy w'as followed immediately by a sub- 
trochanteric amputation and a course of toxins Examination of the gross specimen 
showed a sclerosing tumor, cystic and hemorrhagic w'here it had elevated and invaded 
the periosteum, and calcified where it had extended along the mairow' cavity, wdiich was 
involved for a distance of 18 cm 

Table IX 


END-RESULTS IN OSTEOGENIC SARCOMA 


Memorial Hospital Series, ipiy-ip34 Inclusive 

1 Clinical diagnosis (exclusive of maxilla and mandible) 

2 Without histologic verification of diagnosis 

3. With histologic verification (summarized for this study) 
a Indeterminate Group 

(1) Dead of other causes in less than 5 years, without recurrence 

(2) Lost to follow-up, without recurrence 

b Determinate Group 

(1) Failures 

(a) Dead of sarcoma 

(b) Lost to follow-up, with disease 

(2) Successes Free of disease 5 years or more after treatment 
4 Five-year survival-rate (determinate group) 


No of 

Cases 

217 

53 

164 


3 

I 4 

160 


121 

4 


T25 


35 

22% 


In this case, many factors are against survival, especially the eight months of ex- 
pectant treatment m the presence of a rapidly grownng, highly malignant osteogenic sar- 
coma , the youth of the patient, and the site of the tumor, 1 e , the middle third of the 
femur Metastases became apparent one month follow'ing the amputation 

Case II — This case represents an osteogenic sarcoma developing m Paget’s disease 
male, age 63, complained of pain and stiffness about the left knee o\ er a period of nine 
months A huge tumor had developed No treatment could be instituted, and at autops) 
three months later, other osteogenic sarcomata, either metastatic or other primaries, 
\'ere found in the right humerus and the right ilium 
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OSTEOGENIC SARCOMA 


In the following five cases the patients Inecl foi five }eais or moie and 
then succumbed to the disease 

Case 12 — BSR No loo E P, female, age 23, first noticed a slowh growing 
tumor in the lower third of the right femur m December 1915 This was curetted 13 
months later, and about 1,000 r by contact radium was administered Sik months later 
a midthigh amputation w'as performed The specimen proved to be a Grade I periosteal 
fibrosarcoma No evidence of a recurrence of the disease was noted until 12 eears latei 
wdien metastases to the rib and pleura appeared, and the patient died within six months 

Case 13 — A H, female, age 45, complained of persistent pain and swelling fol- 
lowing a sharp blow received from a box falling on the dorsum of the left foot in 1922 
An incisional biopsy was made three months later The w^ound did not heal, and an 
amputation through the low'er leg w'as performed one month theieafter Patliologic 
examination showed an expansile tumor replacing the proximal four-fifths of the first 
metatarsal, made up of average malignant cells Five jears and four months latci, 
metastasis appeared in the venous thrombi of the groin A fungating mass was excised 
four months later, but the patient died at the end of tw'o w’eeks from sccondan hemor- 
rhage 

Case 14 — C G, male, age 59, noticed a slowly growing tumor in the upper aspect 
of the right thigh in 1925, or four years after a fiactuie of tlie nglit hip When he 
presented himself at the Alemorial Hospital, five vears later, the tumor measured at 
least 13 cm in diameter Aspiration biopsy revealed atypical caitilagc cells, suggestue 
of a low'-grade chondrosarcoma No evidence of Paget’s disease was noted About 500 
tissue dose (175 KV) was delivered to the tumor, and smaller doses repeated font and 
seven months later The tumor remained unchanged in size, but three years later local 
pain developed and tlie patient died in anothei liospital from inanition and bioncho- 
pneumonia, six years after radiation 

Case 15 — B S R No 1497 J S female, age 14, developed a painful swelling m the 
lower third of the right femur wdiich, 111 1932, or tw’O months after onset, w'as partial!} 
excised A midtlngh amputation w'as performed one month later Microscopic and 
roentgenologic examination showed the tumor to be composed of spindle cells of a\eragc 
malignancy, wuth little bone formation Pulmonary metastases appeared fi\e and three- 
quarters years later, but death did not follow for anothei }ear 

Case 16 — L C , female, age 27, had pleuritic pains and febrile episodes m 1932, 
w'hich w'ere follow^ed tw'O years later by the appearance of a mass in tlie left axilla, and 
loss of 30 pounds m \veight Roentgenologic examination revealed a large tumor in- 
volving the third rib and obscuring the left upper lobe of the lung This, on aspiration 
biopsy, proved to be an osteogenic sarcoma Hea\w radiation ( 700 K V ) apparently 
imposed grow’th restraint Tw'o \ears later, an exophthalmic goiter was subtotallv re- 
moved Five and one-half years after therap}, involvement of the adjacent ribs becanw 
apparent and the patient died from extension of the disease within the chest 

SUM MAR} AND CONCLUSIONS 

A senes of 160 histologically proven cases of osteogenic saicoma treated 
between 1917 and 1933, at the Memonal Hospital, New Yoik, has been 
studied f 10111 the standpoint of prognosis In oui opinion, the following 
factois hav’-e seemed to influence the outcome 

(1) Age — The piospect of fiv^e-yeai survival is most favoiable m patients 
vvdiose ages lange f 10111 20 to 40 }eais, and least favoiable 111 those who are 
111 the first decade 01 have passed through the fourth decade of life Osteo- 
genic sarcoma on a Paget’s disease basis gives an extremelv had prognosis, 
these cases aie usually found in the fifth, sixth and seventh decades 

(2) Sci — In 0111 senes the suiviv^al late for females is 28 pei cent 
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whereas that for males is i8 per cent — for which difference we are unable 
to account 

(3) Location — In bones of an extiemity, the more peripheral the lesion, 
the moie favoiable the outlook There were no five-year survivals wheie the 
middle 01 upper femur was the site of disease 

(4) Pathology — A histologic grading of a tumor is of much value in esti- 
mating the outcome Those of low-giade malignancy showed 40 per cent 
five-year survivals, those of intermediate, 16 per cent, and those of high- 
grade, 15 per cent 

(5) Site of Amputation — This was of inteiest to us because 35 per cent 
of the cases in which amputation was pei formed thiough the bone piimaiily 
involved, survived five years, wheieas only 21 per cent survived amputation 
by disaiticulation of the joint above, and 36 per cent survived amputation 
thiough the bone above Although some authors maintain that one should 
nevei amputate thiough the bone piimarily involved, oui figuies would in- 
dicate that for at least low feinui tumois, indiscriminate Inp-disarticulation 
was scaicely justified 

(6) Amputation alone 01 with preoperative conseivative surgeiy (in ex- 
ceptional cases), 01 with pieoperative radiation, apparently remains the 
method of choice It gave a 32 per cent survival (Table VI) 

(7) Radiation alone was used in 35 cases, with three suivivals, or 9 pei 
cent It seems unjustifiable to lely on this method alone unless the condition 
IS inopeiable or unless opeiation is refused 

(8) The five-yeai suivival late based on the dctei niinate gioup (35 
cases) was 22 pei cent 

We wish to express our very great appreciation of the assistance rendered in this 
study by Dr Fred W Stewart, Pathologist of the Memorial Hospital 
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MEMOIR 

WILLIAM DAVID HAGGARD 
1872-1940 

In the death of William David Haggaid the smgical piofession has 
lost a shining light, the Ameiican Surgical Association mouins a distin- 
guished Fellow and his colleagues are depiived of a genial companion If 
what IS called “personaht}^” counts foi much m this ^^orld — and we must 
believe it does — the subject of this Memon scoies a high maik in the esti- 
mation of all those who knew him It is difficult for one so intimate with 
him as the writer to put down m meie A\oids a full, just and impartial 
tiibute to this friend and associate over a peiiod of 39 jeais On the one 
hand, there is the temptation to paint the pictuie in too glowing colors, a 
natural tendenc)^ m a devoted compeei , on the othei hand, a ceitam restiamt 
impels the withholding of those expressions of the innei feelings, still sad- 
dened by a grievous loss 

William David Haggard was born 111 Nashville, Tennessee, September 
28, 1872 In 01 del to appreciate his qualities and to evaluate his career 
it is well to indicate his origin and his associations His fathei, Di William 
David Haggard, Si . a Kentuckian by biith, receued his degree from the 
Jeffeison Medical College of Philadelphia m 1851, practiced medicine for 
24 years in Gallatin, Tennessee, and lemoved to Nashville m 1875 At 
once, he shoued interest in medical education, becoming an assistant to the 
chair of gynecology m the Medical Depaitment of the Umveisity of Nashville 
and Vandeibilt Umveisity, and was among the hist in the South to accen- 
tuate the value of clinical teaching In 1884, he was chosen as piofessor of 
gynecolog}’- and diseases of childien in the University of Tennessee Medical 
Department, which had been established some yeais earhei by Paul F E\e 
and W K Bowling 

The eldei Haggard was a leadei of his profession As a teacher, for 
neaily a quaitei of a centuiy. he made a wholesome and ineffable impiession 
upon the ambitions and piactices of hundieds of young medical men through- 
out the South and West He continued to fill his chair until his death 
Higher standards of medical education found in him an early champion 
The Southern Medical College Association selected him as its first president, 
and lapidly followed the example of the more \\ealthy colleges of the East 
m lequiiing a thiee- and then a foui -years’ giaded course He has the dis- 
tinction of being the fiist president of the Southern Surgical and Gyne- 
cological Association, oiganized m 1887. and now known as the Southern 
Sui gical Association 

The son followed 111 the footsteps of his father He was graduated with 
fiist honois fiom the ^ledical School of the Unuersitj of Tennessee in 1893 
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Having served a term in the Woman’s Hospital of New Yoik, he returned 
to Nashville, became assistant to his fathei who conducted a private hospital, 
and, in 1901, following the death of his father, was advanced from associate 



William David Hvggard, MD 


to the professoiship of gynecology and abdominal suigeiy at his alma matei 
In this position he continued until 1912, when the school was lemoved 
to Memphis He was then elected piofessor of surgeiy and clinical surgeiy 
in the Vanderbilt University School of Medicine, which post he held at the 
time of his death, Januaiy 28, 1940 

To recount the vaiious honors leceived, positions held, and offices pei- 
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formed liy Doctor Haggard is but to assert that in every oiganization, in- 
stitution and establishment with ^^hlch he ^\as connected he went to the top 
His capacity for leadership, for executive ability, for doing his own ^\Olk 
well and inducing others to work with him was univei sally acknowdedged 
In piofessional cncles he w^as the head of most of the associations to wdnch 
he belonged — city, county, state, interstate, regional and national Following 
IS the list of organized medical societies over wdnch, at one time or another, 
he presided Nashville Academy of Medicine, Middle Tennessee Medical 
Association , Tennessee State Medical Association , Southeastern Surgical 
Congress, Southern Surgical Association, Inter-state Postgraduate Assem- 
bly, American College of Suigeons, American Medical Association He 
held lesser offices in seveial of these organizations and w^as a member of 
many otheis Of these may be mentioned the Society of Clinical Suigeiy, 
Pan Ameiican Medical Congiess, International Society of Suigeiy His 
Fellow^ship in the American Surgical Association began m 1916, continuing 
unabated, and with regular attendance, until his death, a peiiod of nearly 
24 years In 1938 he w^as made a Senior Fellow^ 

In 1898, Doctor Haggaid w^as maiiied to Miss Maiy Lama Champe, of 
Nashville, wdio died in 1920 Six yeais latei he mairied Miss Lucille Hol- 
man, also of Nashville, who suivived but six years His childien are thiee — 
a daughter, Mrs Buigess Askew% Jr, and tw'o sons, William David HI, age 
13 and John Holman, ii 

Doctoi Haggaid w^as a piohfic w'ritei and speaker His best knowm 
collections aie “The Romance of Medicine and Othei Addi esses” and 
“Surgery — Queen of the Aits, and Othei Papers,” both headed by the 
piesidential addi esses delivered before the two largest professional organiza- 
tions in America In addition, he w^as the authoi of numei ous papei s, dealing 
chiefly with goiter, suigeiy of the stomach and colon, and appendicitis 

His military lecord, famihai to his colleagues in World Wai No i, in- 
cluded Chaiimanship of the Medical Section, Council of National Defense 
foi Tennessee and medical aide to the governoi , membei of the Advisory 
Boaid, wuth lank of majoi In the Suigeon General’s office, W’ashmgton 
Consulting suigeon, with rank of lieutenant colonel, j\I C U S Aimy, 
AEF , and surgeon, Evacuation Hospital No i, Toule, Fiance, 1918-1919 

In bis community lelations Doctoi Flaggaid was also a leadei He was 
president of his civic and social clubs, received the cup as the most eminent 
citizen, engaged in many enterpiises for the improvement of his native city, 
won prizes at horse shows, sened as an official in his church and was awarded 
the degree of D C L by the University of the South (Sew^anee) On tw'o 
occasions, when Doctoi Haggard had received the highest acclaim of Ins 
profession he \vas greeted at home by his colleagues and fellow citizens who 
honoied him by public demonsti ations and official dinners, when he was 
guen meeds of praise wdnch were his due Following Ins death memorial 
exercises were held by the Nashville Acadeni) of Medicine and the Tennessee 
I^Iedical Association 
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This recital of beginnings, duties and achievements does not begin to 
tell the stoiy It is not an ovei statement to say that “Will” Haggard per- 
sonally knew, and was known by, more medical men than any physician of 
his day and time PIis companionable qualities, together with his regular 
attendance upon the sessions of the numeious societies which claimed him 
as a member, brought him into the closest association with his colleagues 
A leady response to acquaintance was his gift and he nevei forgot a name 
or a face To meet him was to know him, and to know him was to be at- 
tracted to him He was a friendl}'^ friend — gay, genial and generous Not 
once did he fail to avow an obligation or to giant a favor His fiiendship 
was of the type that began when first foimed, earned on with the same un- 
dei standing whethei contacts were rare oi fiequent, and blossomed forth 
m joyous fellowship whenevei he communed with his comrades On the 
surface theie appealed only a care-fiee manner a hail-fellow-well-met ar- 
dor, but deep down inside theie were leal affection, loj^al love for his 
“buddies” and stiong ties of unwavering cordiality His intimates weie 
few, but to them he manifested at times a seiious vein not unmixed even 
with heaitfelt emotion 

As a man, “Will” Haggaid was the life of eveiy company in which he 
found himself As expressed by Dr Joseph F Gallagher, one of his con- 
freies “Whether he was among the highest or the lowest of the low, he 
was, despite his stature, a commanding figuie” And further “His ait of 
conversation linked with a gift of lepaitee and sense of humoi, made an 
impression not easily forgotten He loved the beautiful, the elegant, 
and everything that he attempted was done m the mannei grand ” In the 
words of Di Frank K Boland one of oui own Fellows “Tiuly he did a 
lot of living in his 67 years No man ever had more fun or contributed 
moie pleasuie to otheis, noi has one among us worked haidei 01 given 
moie of himself to his piofession and to his patients He leaves a fine 
example for posteiity of happily lounded, beneficent manhood” He is 
sorely missed , and he will he missed much more as time goes on, when 
we meet each yeai and find his place vacant 

As a surgeon, Doctoi Haggard possessed those attiibutes which make 
for success Cheei fulness, coinage, and humanity maiked every step of his 
life He showed sound judgment, a toleiant attitude and a progressive dis- 
position He learned moie and more every year by study and observation, 
and he kept up, aggressively, with the advances in surgeiy He believed 
in the unity of medicine and his expeiience made him well-iounded in his 
views of every situation that confronted him His opeiative skill was char- 
acterized by resouicefulness and quick thinking, he had bjf natuie a manual 
dexterity which was as gentle and graceful as it was effective His one 
idea was to cure the patient by the safest and simplest method As a clinical 
teacher he excelled, vhat with his aptitude of expiession combined with a 
wealth of illustiations and anecdotes 

The end crowns the work He always dreaded and feared that, in the 
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ill-healtli of his latter days, he would succumb to a hngenug disease, which 
would consign him to a period of chiomc invalidism He v anted to lea\e this 
vorld as his friends knew him, the embodiment of physical activity and 
niesistible enthusiasm His wish was fulfilled 

According to a newspapei account Doctor Haggard had lecently gone to 
Florida wheie he had spent a biief vacation with his two sons just before 
Christmas, and was vith a gioup of Nashvillians at The Bieakeis Hotel, Palm 
Beach He had dined with them Saturday night and appeared in his usual 
good health He did not come down to bieakfast Sunday morning and 
about noon his room vas enteied and he was discoveied dead Physicians 
who were called estimated that he had died of a heait attack about seven 
houis earlier “He died not too close to the sunset of life, so that the 
lengthening shadows of his unusual talents and individuality weie plain to 
view and net obscuied by the gathering dusk of a falling night of mental 
darkness Thus the memory of him by those he loved, and was loved, lives 
in happy and undying remembrance ” (Doctor Gallaghei ) 

A fitting close for this tiibute to our deceased Fellow is contained in a 
Memoii of his fathei wiitten m 1901, demonstrating how true to foim was 
the influence of sire upon son “FIis only fear m life was of paialysis and 
a lingering death He feared that his great physical vigor w^ould postpone 
the end to a weaiymg length He w'as spaied this feai and lew^arded wuth 
the sudden demise for wdiich he washed — from ceiebial hemoiihage” 

Hubert A Royster M D 
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Operative Surgery By J Shelton Horsley, MD, LLD, FACS, Richmond, 
Va , and Isaac Bigger, M D , Richmond, Va St Louis, Mo C V Mosby Co 

This is the Fifth Edition of a standard textbook of “Operative Surgery" by Doctors 
Horsley and Bigger, which was first published in 1921 But three years have elapsed 
since the appearance of the Fourth Edition , however, no one will take issue with the au- 
thors’ statement that such rapid progress is now taking place in surgery that a revision at 
this time was indicated As m the Fourth Edition, the book appears in two volumes, which 
are a credit to the publisher and add new laurels to the illustrator, Helen Lorraine 

In the preface one finds outlined the newer procedures which have been added, such 
as ligation of the patent ductus arteriosus, segmental pneumonectomy, and extrapleural 
pneumothorax But this does not speak of the careful reediting which is evident upon 
almost every page of the book when one compares it with the previous edition 

The chapter on peritonitis has been almost completely rewritten and now occupies' 
28 pages, and there has been a similar editing of tbe chapter on appendicitis, which is 
very greatly expanded 

In this work they still carrj a section on orthopedics, which is gradually being 
deleted from the textbooks on general surgery, and while it maintains its former high 
standard, the accepted technics of practically all the newer procedures in orthopedic surgery 
are now included 

The illustrations throughout the entire book maintain the uniform perfection which 
has been so characteristic of this textbook from its First Edition, and these illustrations 
are a great asset to those of us who are more visually minded than word minded 

That the authors have accomplished their objective, and have brought this long recog- 
nized standard textbook of “Operative Surgery’’ up to date will be evident to any one 
fortunate enough to possess a copy 

All concerned in the reediting of this work are to be congratulated upon this addition 
to our surgical literature Walter Estell Lee, MD 

Principles of Surgical Care, Shock and Other Procedures By Alfred Blalock, 
M D , Nashville, Tenn St Louis, Mo C V Mosby Co , 1940 

This monograph is an amplification of the Beaumont Lecture, delivered, m 1940, by 
the author, under the auspices of the Wajne County Medical Society of Michigan, and 
serves to continue, uninterruptedly, the series of plnsiologic monographs inaugurated in 
1922, as a tribute to William Beaumont 

As stated in the preface, the author’s purpose is to present a discussion of the prin- 
ciples involved in these problems instead of a didactic and detailed consideration of the 
preoperative and postoperative treatment of surgical patients To the reviewer, he has 
fully succeeded in his main objective, which was to emphasize the fact that the operation is 
only a part of the treatment of surgical patients, and that the recent decrease in the mor- 
bidity and mortality rates is due more to advances in preoperative and postoperative treat- 
ment than to any other factor A far cry from the epigram credited to Larry “I make 
the wounds, God heals them ’’ 

It IS now realized that it is inadequate to discuss the subject of shock without con- 
sidering such etiologic factors as dehjdration, hvpoproteinemia, acid-base disturbances, etc , 
but the clinical importance of these changes extends far beyond the production of shock, 
so that the amount of text which the author devotes to these etiologic and associated factors 
IS much greater than that given to the subject of shock The general reference to his 
many associates removes an> possibilitj of criticism of insularism, and for the final result 
the surgical and medical professions are under great obligations 

The catholicitj of this book is in contrast with the one recently written by Scudder, 
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and although they are not m complete agreement, thej evidence tlie careful research \\luch 
has been made, and is continuing, in an effort to make surgery safer for the patient Here 
IS a book which should not only be m the library of every surgeon and ph> sician, but its 
contents should become as much a part of them as their knowledge of Graj’s Anatomj 
and Osier’s Medicine 

The author and the publisher are to be congratulated, and the Lectureship Foundation 
Committee of the Wayne County Medical Society thanked for this remarkable work 
which they have made available to the medical profession at large 

W ALTER EsTELL LeE, M D 

Cancer or the Colon and Rectum Its Diagnosis and Treatment By Fred W 
Rankin, M D , Surgeon, St Joseph’s and Good Samaritan Hospitals, Lexington, Ky , and 
A Stephens Graham, MD, Surgeon, Stuart Circle Hospital, Richmond, Va Spring- 
field, 111 Charles C Thomas Co , 1940 

Rankin and Graham, in this book, present their experience with cancer of the low'ei 
gastro-intestinal tract, and have tried to correlate their w'ork with that of other surgeons 
interested in this field, both in this country and abroad Thej feel that the reduction in 
mortality from cancer of the large bow'el during the last 25 years is one of the most out- 
standing surgical accomplishments during that period, and undoubtedly Rankin has con- 
tributed as much to this result as any other American surgeon of his generation He him- 
self feels that the gradual decrease m the mortality is the result of more accurate methods 
of diagnosis, the meticulous preoperative preparation and postoperative care, together with 
perfection of surgical technic 

Since the publication, m 1932, of his book on “Diseases of the Colon and Rectum,’’ his 
technic has been modified in many w'ays, and particularly in the direction of closer 
cooperation between internist and surgeon m the management of the patient pre- and post- 
operatively, wdiich has resulted m an appreciation of the need for preoperative decom- 
pression of the large bowel and a rehabilitation of the patient before any operatne pro- 
cedure can be considered 

The authors now feel that, in the past, undue prominence w'as given to the emploi- 
inent of intraperitoneal vaccine, and they have now abandoned it 

They also pay tribute to the increased efficiency of radiology in recognizing early le- 
sions, and in the more accurate localization of them This is more than lip service, in 
that he has allotted a chapter to Doctor Hodges, in which is explained, in a verj clear, 
concise w'ay, the details of this technic and w'hat can be expected from it, both posi- 
tively and negatively 

The authors are very definite in their present attitude tow'ard two-stage instead of a 
one-stage operation in obstructive lesions of cancer of the middle and lower colon, and 
they are convinced that one does a more radical operation and removes wider areas of 
hniph node-bearing tissue than w'hen primary reestablishment of the continuitj of the 
bow'el is attempted Further, in this type of operative approach, they precede it wnth a 
cecostomy m older to decompress the colon On the other hand, for cancer of the rectum, 
in the average risk, the}’’ now’ use, almost exclusively a one-stage, abdomino-penneal 
procedure instead of a two-stage operation, wdiich w^as formerly employed 

Thus It wall be seen that Rankin’s technic is gradually changing as is that of most 
of tlic surgeons engaged m this type of w'ork, and it is interesting to note that there is 
now more general agreement among them than at any time m the past 

The book is divided into four parts (i) Preface, (2) general considerations, which 
include etiolog}, pathology, s}mptoms and diagnosis , (3) treatment , and (4) the operatne 
procedures 

With Rankin’s ^ast experience m this field he can speak with authont} and his atti- 
tude of encouragement tow’ard the steady improvement in the end-results now being ob- 
tained in cancer of the large bow'el should be noted with interest 

There is a bibliograph} at the end of each chapter and an authors’ and a subject index 
at the end of the book W\ltfr Estfll Lfe, MD 
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